SSeS 
SS eS 
= Se a 


25 wuinniiii 


3 1924 090 242 573 


Cornell University 


Library 


The original of this book is in 
the Cornell University Library. 


There are no known copyright restrictions in 
the United States on the use of the text. 


http://www.archive.org/details/cu31924090242573 


A LABORATORY GUIDE 


IN 


SOIL BACTERIOLOGY 


BY 


JACOB GOODALE LIPMAN, A.M., Pu.D., 


ProFgssor oF Soi, FertiLity AND BacrerioLocy 1n RutGers COLLEGE 
AND 
Drrector oF THE New Jersey AGRICULTURAL ExpRRIMBNT STATION, 


AND 


PERCY EDGAR BROWN, B.Sc. A.M., 


AssIsTANT Proressor oF Sort BacTERIOLOGY IN THE Iowa STATE CoLLEGE 
AND ? 
EXPERIMENTALIST IN Sort BactrerioLocy, lowa ExpgRIMENT STATION, 


Igil 


Mann 
SPEC. Cou, 


QR 
V1 


Le GX 
ieee 


CONTENTS. 


PAGE. 
WPRCLACC: i sifiava saga or) 2 gists pain kdoind hace dale ae es Deere Award ous ie 3 
MRGFERENES TLISE oa ice ess siasdoe-k sasgonce vs ud-Gyandiuw aug lance aac eee eidsace ae vatasattitess 5 
List of Apparatus for Individual Use..............00eeeeeee 5 
List of Apparatus for General Use........ 00. cece eee e eeu G 
List of Required Chemicals....... 0.0.0.0 0 cc ccc eee eee ences 7 6 
Examination of Soil Infusions.......... 0.0.0.0 ccc cece ee eee 7 
Quantitative BWxamination of Soils.......... 0.60. 8 
Isolation and Identification of Some Soil Organisms.......... 3) 
Ammonification in Peptone Solutions. .............0..000 0000 10 
Amimonifieation in Soils... . ¢s46<5 cade sou ses cae vee smute vas A1 
Influence of Moisture on the Ammonification of Dried Blood... 12 
Influence of Air-Drying on the Ammonifying Power of Soils... 13 
Influence of Lime and Magnesia on the Ammonification of Dried 
Blood and Cottonseed Meal.......... 0... cece eee e eee ae 14 
Influence of Fineness of Division of Dried Blood on Its Ammoni- 
AiGATION San aus keels ok ae Haw SAls Rewie Pe waste edhe rts e 15 
Influence of Dextrose on the Ammonification of Dried Blood and 
Cottonseed, Meal ss saccia cai aa iadesseaa densi owt ane ewe 16 
Ammonification as Affected by Differences in the Mechanical 
and Chemical Composition of Soils.......... 00... cee eee 17 
Ammonification of Dried Blood by Pure Cultures of Soil Or- 
CARINE 2 gate de E ME NESE ECE OER 65a o ae NS Loe RS BOR 18 
Availability of Nitrogenous Organic Matter as Indicated by Its 
AMMODIACATION «.25)..04 3 ceaee Se See eee ee oe eee wid ees 19 
Relative Amounts of Ammonia and Carbon Dioxid’ Formed in 
the Ammonification of Nitrogenous Materials............. 20 
Influence of Dextrose on the Formation of Carbon Dioxid and 
Ammonia from Dried Blood............ 2.0. e ee eee ee pia 
Amimonlication of UGA 2654 .eRares abet des dee bs eee Ros has 23 
Isolation of Urea Bacteria. ...... 0... cece eee ee cee eens 24 
Nitrate Formation In Solutions. os. «+ ese. ceecws ee reed eee es 25 
Nitrification in Solutions........... 000. e cece eee eee eee 26 
Nitrification jin, Soils... ¢.¢s ce exsanaivee saad wud Rese ev ose es OT 
Rate of Oxidation of Ammonium Sulfat in Solutions and in 
Soils in the Presence and Absence of CaCO,............-- 29 
Influence of Soluble Organic Matter on Nitrification in Soils.... 31 
Availability of Nitrogenous Organic Matter as Indicated by Its 
Ni briGGa GION, is ssieecds ae Mare oe wi es he 4 RE. Cu lear aed Oe 32 
Isolation of Nitrifying Bacteria by the Magnesia-Gypsum Block 
Method) sdicc- sd oie oa er ya net nau dane b a eh aos tied aass wie 34 


iv CONTENTS. 


PAGE 
Denitrification, in Nolutionss :.iccevs ss cawaeds oan sw aed ee eae 35 
Isolation, Of Denitrifiets:. coco ccccaus cee iat nee eee ae eee 36 
Denitrification by Pure Cultures of Different Species.......... 37 
Denitrification, in: ‘SoilStw-sivessis ss eracdias sandsenghe's 6 wariia: b awulaew na sae 38 
Conditions Favoring Denitrification in Soils: Excessive Moisture 
and Excessive Organic Matter.... 2.20.0... cee eee eee eee 39 
Transformation of Ammonia Nitrogen into Protein........... 41 
Transformation of Nitrate Nitrogen into Protein.............. 42 
Nitrogen Fixation by Soils in Mannite Solutions.............. 43 
Isolation and Description of Azotobacter............00.00005 44 
Nitrogen Pixation GH SOiUSo.. 6.0 esicsceg a eqduecs- cess aueiengeacdunacdiernieve 45 
Description of Pure Cultures of Azotobacter..............6.. 46 
Nitrogen Fixation by Pure Cultures of Azotobacter in Solutions 
FAURE, AML, IS ODS) a cashes castessyictac inoue soesuicees Wisetsoncnnsaesse Scns tae won sesenatce ae eae 47 
Influence of Different Carbohydrates on Nitrogen Fixation by 
Pee OORCIEe ncaa cen Lea ee owe a AA SE eld ene 49 
Effect of Varying Reaction of the Medium on Nitrogen Fixation 
ey SEPORCACIED «4 cutee bse eee eae 0 ae oes Eee ee PEGE 50 
Influence of Iron; of Phosphates and of Aeration on the Fixa» 
tion of Nitrogen by Azotobacter. ......... 0c cee ee eee eee 51 
Influence of Varying Quantities of Sugars on Nitrogen Fixation 
Ny BeOS 6 na ee eed ORS PER awe OM ORE RRS Sm oe 52 
Influence of Other Organisms on Nitrogen Fixation by Azo- 
tODACLEL ia ease eos ape ts eis eouanees og apne we aga eae ee 53 
Anaerobic Nitrogen Fixation. ..... 0.0... cece eee eee eens 54 
Isolation and Description of Clostridium Pasteurianum....... 55 
Isolation and Examination of B. Radicicola from Different 
DRO e on pee eb aA dee de ea Res Res CREEK ORS Bay AMS 56 
Effect of Inoculation as Shown by the Growth of Legumes in 
BAGS gh cictevaaetecs d Wook OS cseeencirane: i amenals ener acaeb an ee aaeRaen 58 
Growth of B. Radicicola on Various Culture Media........... 59 
Cultivation of Amylobacter Species.............0. 000 diaierss 60 
Butbvric Permentation: sv -ccsssssciceie save abiee 6 aia evened ai hin hana ase 8 61 
Aerobie Cellulose Fermentation. ... 0.0.0... cee cece ee eens 62 
Cellulose Fermentation by Cultures of Denitrifiers....... gis. O83 
Auaerobic Cellulose Fermentation: ...40% c<canertnvaenexnre ve 6+ 
Isolation and Description of Cellulose Ferments.............. 65 
Formation of Organie Acids..... Neaijuesberehh sige aciaae aia dah see aera 66 
Plums: Hormationy ee secseciaue 92 wasacein v0.4 orane sg! osname diaencnce ede nares 67 
ca 00) eer eee. re es eee ee 68 
Preparation: Of NLC Ne apes gu Syeecs veh oranda Sa Abd te a teonnene art R a 69 
EG GIYOU SS as sieen cise tora as Att Aare 0 baal ge oageae/ Geesmltecn acs arenas water aimiaea aaa eal ay 


Deseriptive CUart: .. suscep asada esse ys ee oes gee ee ge we a6 87 


PREFACE. 


. Bacteriology has contributed, within the past few years, 
some important facts to our rapidly expanding knowledge 
of soils. It has shed a new light on the transformation and 
accumulation of nitrogen compounds in tilled land, as well 
as in uncultivated forest and prairie soils. It has taught us 
to understand more clearly the decomposition of cellulose and 
allied compounds, and the conservation of the potential en- 
ergy of hydrogen and of methane. It has given the student 
of soils and of soil fertility a number of new methods for 
measuring differences in the quality and quantity of plant- 
food. . It bids fair to supply us with still other methods that 
would be more adequate than any chemical methods yet de- 
vised, for the investigation of fundamental problems of soil 
fertility. 

In view of the past achievements of soil bacteriology and 
cf the promise of even greater usefulness in the future, no 
apology is needed for the publication of this little volume. 
The authors have felt, for some time, that there is room in 
every well-arranged course in soils for a series of exercises 
in soil bacteriology, and have, therefore, made the attempt 
to provide them. It is their hope that after preliminary in- 
struction in general bacteriology and laboratory technique 
the “Guide” will prove useful to students of soils, and that 
time and service will permit the elimination of the imper- 
fections and inadequacies that undoubtedly exist in it. 
Toward this end, friendly criticism will be appreciated. 
Meanwhile, the authors wish to express their indebtedness 
to Dr. R. E. Buchanan, of the Iowa State College, for many 
helpful suggestions. 


A SHORT REFERENCE LIST OF BOOKS AND PERI- 
ODICALS FOR STUDENTS OF SOIL 
BACTERIOLOGY. 


Centralblatt fiir Bakteriologie, Parasitenkunde und Infektions- 
krankheiten, II. Abteilung. 

Experiment Station Record. 

Jahresbericht der Agriculturchemie. 

Conn, Agricultural Bacteriology. 

Kramer, Die Bakteriologie in ihren Beziehungen zur Landwirt- 
schaft. 

Kayser, Microbiologie Agricole. 

Lafar, Handbuch der technischen Mycologie. 

Lipman, Bacteria in Relation to Country Life. 

Uéhnis, Handbuch der landwirtschaftlichen Bakteriologie. 

Meyer, Practicum der botanischen Bakterienkunde. 

Stockhausen, Oekologie, Anhiufungen nach Beijerinck. 

Voorhees and Lipman, Review of Investigations in Soil Bacteriology. 

Wollny, Die Zersetzung der organischen Stoffe. 

Annual Reports of the New Jersey, North Carolina and Wisconsin 
Experiment Stations. 


APPARATUS NECESSARY FOR STUDENT USE. 


1 Spatula. 8 Pipettes, 1 ce. 

1 Staining forceps. 2 Platinum needles. 

1 Forceps. Lens paper. 

1 Hollow slide. 24 Tumblers. 

1 box Slides. 6 Beakers. 

1 oz, Cover glasses. 1 Pipette box. 

4 Wire baskets. 6 Copper flasks. 

1 Cooking vessel. 4 Funnels. 

1 Slide box. 6 Dropping bottles. 

1 book Labels. 24 Flasks, Erlenmeyers, 250 cc. 
20 Petri dishes. 6 Flasks, Hrlenmeyers, 500 ce. 
125 Test-tubes. 12 Flasks, Florence, 500 ce. 

1 Pencil (for glass). 1 Flask, Florence, 1,000 ce. 
12 Fermentation tubes. Test-tube cleaner. 

6 Pipettes, 10 cc. Towel. 

2 Pipettes, 5 ce. Matches. 

1 Pipette, 20 ce. 


JENERAL APPARATUS. 


Bunsen burners. 

Large pans. 

ting stands. 

Filter racks. 

Copper wire. 

Distilling bulbs. 
Graduated Pipettes. 
Volumetric flasks, 100 ee. 
Volumetric flasks, 500 ce. 


Jeffers counting plates, 
IIand lenses. 

Graduated cylinders, 500 ec. 
Graduated cylinders, 100 cc. 
Thermometers. 

Colorimeters. 

Rubber tubing. 

Pinch cocks. 

Wire gauze. 


Glass tubing. Shears. 

Stirring rods. Burettes. 

Porcelain cups. Bottles. 

Cork borers. Pliers. 

Files. Gooch crucibles. 

Mortars. Tripods. 

Funnels. Microscopes and accessories. 


Filter paper. 
Plugging cotton. 
Absorbent cotton. 


Balances and weights. 
Large Petri dishes. 


CHEMICALS REQUIRED. 


(NH,);PO,. 


Canada Balsam. 


Beef extract. Maltose. Immersion oil. 
Salt. Alcohol. Stains. 
Peptone. Urea. Sapolio. 

Agar powder. HeCl,. Soap. 

Gelatin. MgO (heavy). Dried blood. 
NaOH. Paraffin. Cottonseed meal. 
K,HPO, Lead acetate. Potatoes. 
MgSO,. HCl. Milk. 

CaCl. NH,OW. Phenolphthalein. 
‘FeCl, Hg. Cochineal. 
Mannite. T1.S0,. Saccharose. 
KNO,. K,S. Gypsum. 

Citric acid. Zine dust. MgCoO,,. 
Dextrose. Sulfanilic acid. MnSO,. 
KH,PO,. Naphthylamine. Sodium silicate. 
(NH,).SO,. Acetic acid. Sodium lactate. 
Fe, (SO,);. Phenol. Asparagin. 
CaCoO,. Diphenylamine. Litmus. 

NaNO,. Glycerine. (NH,).C.0,. 
Na,CO,. Sodium acetate. TINO,. 

NaNoO,. BaCl,. 
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EXAMINATION OF SOIL INFUSIONS. 


EXERCISE I. 
EXAMINATION OF SOIL INFUSIONS. 


1. Prepare infusions of a sandy soil, a rich loam soil, and 
a sample of fresh manure by shaking 10 grams in 20 ce. of 
sterile water for 5 minutes. 

2. Make hanging-drop and stained preparations from each 
of these infusions and examine under the microscope. 

3. Describe the different organisms present and determine 
approximately the relative numbers of each. 

4, Compare the number and character of the organisms 
in the different types of soil and in the manure. 
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EXERCISE II. 
QUANTITATIVE EXAMINATION OF SOILS. 


1. Fresh samples of soil taken with all precautions to 
avoid contamination are to be used. 

2. Bring the bacteria into suspension by shaking 100 
grams of each of the soils to be tested in 200 cc. of sterile 
water for 5 minutes. 

3. Then, by means of sterile pipettes for each transfer, 
make dilutions of the various infusions thus: 


1 ec. of the infusion into 99 cc. sterile water (a). 

10 ce. of (a) into 90 ce. sterile water (b). a 
10 cc. of (b) into 90 ce. sterile water (c). 

10 cc. of (c) into 90 ce. sterile water (d). 


4, Transfer three 1 cc. portions of each (b), (c) and (d) 
dilution to sterile Petri dishes. : 

5. To each of one set of plates add 10 cc. of bouillon agar, 
liquefied, and cooled to 40° C.; to the second set, add 10 ce. 
of synthetic agar similarly liquefied and cooled; and to the 
third set,-add 10 ce. of gelatin, liquefied and cooled to 30° C. 

6. Mix thoroughly by tipping the plates back and forth 
and spread evenly over the dishes. 

7. Incubate for 3-4 days at 20° C. 

8. Count by means of a Jeffer’s plate with the aid of a 
hand lens. 

9. From the figures obtained calculate the number of 
bacteria per gram of soil. 


ISOLATION AND IDENTIFICATION. 9 


EXERCISE III. 


ISOLATION AND IDENTIFICATION OF SOME SOIL ORGANISMS 
GROWN ON MEDIA EMPLOYED IN PREVIOUS EXERCISE. 


1. By means of a platinum needle inoculate tubes of ster- 
ile bouillon from several well-isolated colonies, appearing on 
the bouillon agar, synthetic agar and gelatin plates made in 
the previous exercise; selecting those colonies most dissim- 
ilar in appearance. ; 

2. Incubate 3-4 days at 20° C. 

3. Plate out these cultures by the usual dilution method, 
using bouillon agar. 

4, When pure cultures are obtained describe and identify 
the organisms by the usual morphological and cultural ex- 
amination. ; 
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TRANSFORMATION OF NITROGEN COMPOUNDS. 
GROUP I. AMMONIFICATION. 


Exercises IV. to XVII. 
EXERCISE IV. 
AMMONIFICATION IN PEPTONE SOLUTIONS. 


1. Make up a 1% solution of Witte’s peptone in water. 

2. Measure out six 100 ce. portions into 500 cc. Jena 
flasks. 

-8. Plug and sterilize in the autoclave at 15 Ibs. pressure 
for 10 minutes. 

4. Prepare a soil infusion of each of the three soils to be 
examined, by shaking 100 grams in 200 ce. of sterile water 
for 5 minutes. 

5. Inoculate the peptone solutions in duplicate with 20 
cc. (== 10 grams soil) of the various infusions, transferring 
by means of sterile pipettes. 

6. Incubate for 3 days at 20° C. 

%. At the end of that time, remove the plugs, add about 
100 ce. of water, 9-10 grams of heavy magnesium oxid, 
and a small piece of paraffin. 

8. Distil off the ammonia present, collecting it in stand- 
ard HCl and titrating against standard NH,OH in the 
usual way. 


AMMONIVICATION 1N SOILS. 11 


EXERCISE V. 
AMMONIPICATION IN SOILS. 


1. Weigh off in tumblers six 100 gram portions of air- 
dry, sieved samples of the soil to be tested. 
2. Arrange thus: 


1 & 2—nothing. 
3 & 4—5 grams of dried blood. 
5 & 6—5 grams of cottonseed meal. 


3. Stir in these materials very thoroughly by means of a 
sterile spatula. 

4. Prepare an infusion of the soil by shaking 100 grams 
of a fresh sample with 200 ce. of sterile water for 5- minutes. 

5. By means of sterile pipettes inoculate each of the six 
portions of soil with 10 cc. of this infusion. 

6. Add sterile water to bring the moisture content up to 
the optimum for the soil, using 12 cc. additional for those 
portions containing the dried blood and cottonseed meal. 

%. Cover with Petri dish covers and incubate for 7-8 
days at 20° C. 

8. Then transfer the soil to copper flasks, using about 250 
ec. of water. Add 10-15 grams of MgO and a piece of 
paraffin and distil off the ammonia present, collecting it in 
standard acid and titrating against standard alkali. 
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EXERCISE VI. 


THE INFLUENCE OF MOISTURE ON THE AMMONIFICATION OF 
DRIED BLOOD. 


1. Weigh off fourteen 100 gram portions of air-dry, sieved 
soil, in tumblers. 

2. Add 5 grams of dried blood to each. 

3. Stir thoroughly by means of a sterile spatula. 

4, Add sterile water to the soil portions as follows: 


A Ga vee hess cea yea Mea nea pas ver eer es ayene 2 ec. 
SD ANS AR cits asad nada eae Meeas canta ene Oe Aaa eee RS 4 ce 
OC Do gunttons bi nh es irsiee dodo ae anaes Base mene os hana eunGligre Wuaaese 8 ce 
U @ Si seas cea dees oa slee yes cous ene 4 saree eis alee y 12 ce 
Be DOE see eison mba hin ie bwes 4 age es wa ow s seas 18 ce, 
TD, Qe eed Rade See Bae Stale Sa BS 24 ce. 
13: 6 V4 04 acelewe mas eG mittee BER EE Tees 80 cc 


5. Cover and incubate 7-8 days at 20° C. 
6. Determine the ammonia formed by transferring to 
copper flasks, distilling and titrating in the usual way. 


INFLUENCE OF AIR-DRYING. 13 


EXERCISE VIL. 


TIE INFLUENCE OF AIR-DRYING ON THE AMMONIFYING 
POWER OF SOIL. 


1. Divide some fresh, fertile soil into two portions. 
Place one portion in an air-tight receptacle and keep it in a 
cool place. Spread out the other portion, in a thin layer, 
in a warm room to facilitate air-drying. Weigh the air-dry 
soil, calculate the amount of moisture lost and restore it. by 
the addition of sterile water. 

2. Weigh off two 100 gram portions each of the fresh soil, 
and of the air-dry soil that has been restored to its original 
water content. 

3. Add to each soil portion 5 grams of dried blood and 
stir with a sterile spatula. 

+. If necessary increase water content to optimum by the 
addition of sterile water. 

5. Cover, and incubate for 7-8 days at 20° C. 

6. Determine the amount of ammonia formed by distill- 
ing and titrating in the usual way. 
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EXERCISE VIII. 


THE INFLUENCE OF LIME AND MAGNESIA ON THE AMMONIFI- 
CATION OF DRIED BLOOD AND COTTONSEED MEAL, 


1. Weigh off twelve 100 gram portions of air-dry, sieved 
soil, in tumblers. 
2. Arrange thus: 


2—5 grams dried blood. 

4—5 grams dried blood + 1 gram CaCQ,. 
6—5 grams dried blood + 1 gram MgCoO,. 
S—5 grams cottonseed meal. 

10—5 grams cottonseed meal + 1 gram CaCO, 
12—5 grams cottonseed meal + 1 gram MgCoO,. 


HON OwWH 
eee ee 
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3. Stir thoroughly with a sterile spatula. 

4+. To each add 10 cc. of a soil infusion prepared by 
shaking 100 grams of a fresh sample of soil in 200 ce. of 
sterile water for 5 minutes. 

5. Add sterile water to bring the moisture content up to 
the optimum for the soil and then 12 cc. additional for the 
nitrogenous materials. 

6. Cover and incubate 7-8 days at 20° C. 

7. Then determine the ammonia formed by transferring 
and distilling in the usual way. 


INFLUENCE OF FINENESS. 15 


EXERCISE IX. 


THE INFLUENCE OF FINENESS OF DIVISION OF DRIED BLOOD 
ON ITS AMMONIFICATION. 


1. Weigh off in tumblers eight 100 gram portions of air- 
dry, sieved samples of soil. 
2. Arrange thus: 


& 2—5 grams dried blood, unsieved. 

& 4—5 grams dried blood through 2 mm. sieve. 
& 6—5 grams dried blood through 1 mm. sieve. 
& 8—5 grams dried blood through 4 mm. sieve. 


3. Stir all very thoroughly by means of a sterile spatula. 

4. Prepare a soil infusion of the soil employed by shak- 
ing 100 grams of a fresh sample in 200 cc. of sterile water 
for 5 minutes. 

5. By means of sterile pipettes inoculate each of the eight 
portions of soil with 10 cc. of this infusion. 

6. Add sterile water to bring the moisture content up to 
the optimum for the soil, using 12 cc. additional for the 
dried blood. 

%. Cover with Petri dish covers and incubate 7-8 days at 
20° C. 

8. Then transfer the soil to copper flasks and determine 
the ammonia present as described in Exercise V. 
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EXERCISE X. 


THE INFLUENCE OF DEXTROSE ON THE AMMONIFICATION OF 
DRIED BLOOD AND COTTONSEED MEAL. 


1. Weigh off twelve 100 gram portions of air-dry, sieved 
soil, in tumblers. 
2. Arrange thus: 


1 & 2—5 grams dried blood. 

8 & 4—5 grams dried blood + 1 gram dextrose. 

5 & 6—5 grams dried blood + 3 grams dextrose. 

7 & S— grams cottonseed meal. 

9 & 10—5S grams cottonseed meal + 1 gram dextrose. 
1 & 12—5 grams cottonseed meal + 3 grams dextrose. 


3. Stir thoroughly with a sterile spatula. 

4. To each add 10 cc. of a soil infusion prepared by shak- 
ing 100 grams of a fresh sample of soil in 200 ce. of sterile 
water for 5 minutes. 

5. Add sterile water to bring the moisture content up to 
the optimum for the soil and then 12 cc. additional for the 
nitrogenous materials. 

6. Cover and incubate 7-8 days at 20° C. 

7. Then determine the ammonia formed by transferring 
and distilling in the usual way. 


AMMONIFICATION AS AFFECTED. 17 


EXERCISE XI. 


AMMONIFICATION AS AFFECTED BY DIFFERENCES IN TIIE ME- 
CHANICAL AND CHEMICAL COMPOSITION OF SOILS. 


1. Weigh off two 100 gram portions each of air-dry sandy, 
clay, loam and peaty soil, in tumblers. 

2. Add 5 grams of dried blood to each and stir by means 
of a sterile spatula. 

3. To each add 10 ce. of.a soil infusion prepared by shak- 
ing 100 grams of a fresh sample of soil in 200 cc. of sterile 
water for 5 minutes. 

4. Cover and incubate for 7-8 days at 20° C. 

5. Then determine the ammonia formed by transferring 
and distilling in the usual way. 
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ENERCISE NII. 


TILE AMMONIFICATION OF DRIED BLOOD BY PURE CULTURES 
OF SOIL ORGANISMS. 


1. Weigh off twelve 100 gram portions of sieved, air-dry 
soil; add to each 5 grams of dried blood; stir thoroughly. 

2. Transfer to Erlenmyer flasks; increase water to opti- 
mum content, using 12 ce. additional for the dried blood; 
plug; sterilize in autoclave; cool. 

3. Inoculate as follows, using 1 cc. of vigorous cultures 
2-3 days old: 


& 2—T. mycoides. 

& 4—B. subtilis. 

& G6—B. coli. 

& 8S—B. pinatus or some other member of the coli group. 
& 10—B. proteus. 

& 12—Another member of the proteus group. 


HON tw H 


HH 


+. Incubate for 7-8 days at 20° C. 
5. Transfer to copper flasks, distil, and determine the 
ammonia formed, in the usual way. 


AVAILABILITY OF NITROGENOUS ORGANIC MATTER. 19 


EXERCISE XIII. 


THE AVAILABILITY OF NITROGENOUS ORGANIC MATTER AS IN- 
DICATED BY ITS AMMONIFICATION. 


1. Weigh off twelve 100 gram portions of air-dry, sieved 
soil, in tumblers. 

2. Make additions of organic nitrogen, using amounts 
equivalent to 155 milligrams of nitrogen, as follows: 


& 2—concentrated tankage. 
& 4—dried blood. 

& 6—cottonseed meal. 

& 

& 

& 


8—bone meal. 
10—horse manure (dried and ground). 
¢ 12—cow manure (dried and ground). 


4, Stir in these materials thoroughly by means of a sterile 
spatula. 

5. Add sterile water to bring the moisture content of 
the soil up to the optimum, making further additions in 
each case to provide organic matter containing 70% of 
water. 

6. Cover with Petri dish covers and incubate for 7-8 days 
at 20° C. 

%. Transfer to copper flasks, distil and determine the am- 
monia formed, in the usual way. 
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EXERCISE XIV. 


THE RELATIVE AMOUNTS OF AMMONIA AND CARBON DIOXID 
FORMED IN THE AMMONIFICATION OF NITROGENOUS 
MATERIALS. 


1. Weigh off six 100 gram portions of air-dry, sieved soil, 
in tumblers. 
2. Add dricd blood and cottonseed meal as follows: 


1 & 2—nothing. 
3 & 4—5 grams dried blood. 
5 & G—5 grams cottonseed meal. 


3. Stir thoroughly. Add optimum proportion of water 
and 12 cc. additional for the dried blood and cottonseed 
meal. 

+. Cover tumblers and place them under bell-jars of 4-5 
liters capacity, standing on vasclined ground glass plates. 
At the same time place under each bell-jar an Erlenmeyer 
flask containing 10 ec. of a standard barium hydrate solution 
each ec. of which is equivalent to approximately 3 milli- 
grams of carbon dioxid. 

5. Remove and titrate the barium hydrate at the end of 
each day for six consecutive days, replacing it by fresh por- 
tions. The air under each bell-jar is renewed at the same 
time, by lifting it from the plate and turning it up and 
down several timex. Record the amount of carbon dioxid 
produced. 

6. At the end of six days transfer the contents of each 
tumbler into a copper flask, add water and magnesium 
oxid, distil and titrate. 


RELATIVE AMOUNTS OF AMMONIA. 21 


%. Two additional bell-jars without soil may be added to 
the series to show the amount of carbon dioxid furnished 
by the air. This amount is to be subtracted from that found 
in each of the other bell-jars. 

8. From the amounts of carbon dioxid and ammonia 
found calculate the relative oxidation of the carbon and 
nitrogen in the materials. 

9. If desired, corresponding soil portions, kept under 
the same conditions outside: of bell-jars, may be used for 
determining the daily production of ammonia. This would 
require ten additional portions with dried blood and ten 
additional portions with cottonseed meal. 
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EXERCISE XV. 


THE INFLUENCE OF DEXTROSE ON THE FORMATION OF CAR- 
BON DIOXID AND AMMONIA FROM DRIED BLOOD. 


1. Weigh off eight 100 gram portions of air-dry, sieved 
soil, in tumblers. 

2. Arrange series under bell-jars as in preceding exer- 
cises as follows: 


1 & 2—no soil. 

3 & 4-100 grams of soil. 

5 & 6—100 grams of soil + 5 grams dried blood. 

7 & 8 —100 grams of soil + 3 grams dextrose. 

9 & 10—100 grams of soil + 5 grams dried blood + 
8 grams dextrose. 


3. Stir thoroughly; increase soil moisture to optimum 
by the addition of sterile water; use 12 cc. additional for 
the dried blood and 7 cc. for the dextrose. 

4, Titrate daily the barium hydrate solutions and re- 
place by fresh portions for six consecutive days. 

5. At the end of six days transfer the soil portions to 
copper flasks; add water and magnesium oxid; distil and 
titrate. 

6. Calculate rate of decomposition of the dried blood, as 
influenced by the dextrose. 
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EXERCISE XVI. 
AMMONIFICATION OF UREA. 


1. Measure off six 100 gram portions of “urea solution” 
into 500 ce. flasks. 

2. Plug and sterilize in the autoclave at 10 lbs. pressure 
for 10 minutes. 

3. Arrange thus: 


1 & 2—nothing. 

3 & 4—Add 20 ce. (= 10 gms. soil) of a 5-minute infusion of 
a fresh garden soil. 
. 5 & 6—Add 20 ce. (=10 gms. soil) of a 5-minute infusion of a 
pasteurized garden soil (to pasteurize the soil, heat it to 70° C. for 
30-40 minutes). 


4. Incubate 2-3 days at 20° C. 

5. Pipette off two 10 ec. portions of each culture and 
titrate the ammonia present with . HCl, using cochineal 
as an indicator. 

6. From the results obtained calculate the total quantity 
of ammonia produced and the per cent. of urea transformed. 


‘ 
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EXERCISE XVI. 
ISOLATION OF UREA BACTERIA. 


1. By means of a platinum loop make transfers from 
flasks 38, 4, 5 and 6 in the preceding experiment into tubes 
of sterile water. 

2. From these dilutions inoculate tubes of sterile lique- 
fied and cooled (40° C.) “urea agar” in series and plate in 
the usual way. 

3. Incubate for 3-4 days at 20° C. 

4. From several well-isolated colonies inoculate into tubes 
of “urea solution.” 

5. Incubate 3-4 days at 20° C. 

6. Test for the production of ammonia by inserting strips 
of filter paper moistened with Nessler’s solution in the upper 
part of each tube. 

%. Examine the cultures in hanging drop and stained 
preparations. 

8. Identify by the usual cultural and morphological exam- 
inations. 
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GROUP II. NITRIFICATION. 


Exercises XVIII. to XXIV. 


EXERCISE XVIII. 
NITR@TE FORMATION IN SOLUTIONS. 


1. Measure off twelve 100 cc. portions of “solution for 
nitrite formation” into 250 cc. Erlenmeyer flasks. Plug 
and sterilize as usual. 

2. Inoculate in duplicate with 20 cc. portions (= 10 
gms. soil) of 5-minute infusions of the two soils to be 
tested. 

3. Incubate 7-8 days at 20° C. 

4. Test qualitatively for the presence of nitrites by the 
Griess colorimetric method. 

5. If nitrites are found, by means of a platinum loop, 
inoculate from the growth in each flask into other flasks of 
the same solution. 

6. Incubate these new cultures 7-8 days. 

7. Test again for the presence of nitrites, and if positive 
results are obtained repeat the inoculation, using still other 
flasks of solution. 

8. After 7-8 days" incubation, filter and wash and de- 
termine the nitrites present by the Griess colorimetric 
method. 

9. Calculate the per cent. of the original ammonia nitro- 
gen changed to nitrite. , 
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EXERCISE XIX. 
NITRIFICATION IN SOLUTION. 


1. Measure off four 100 ce. portions of “nitrite solution 
for nitrification” into 250 cc. Erlenmeyer flasks. 

2. Plug and sterilize as usual. 

3. Then inoculate in duplicate with 20 ce. portions 
(= 10 gms. soil) of 5-minute infusions ef the two soils to 
be tested. 

4. Incubate for 4 weeks at 20° C. 

5. At the end of that time, filter and wash thoroughly 
and determine the nitrates present in some convenient 
aliquot of the solutions by means of the phenol-sulfonic acid 
method. 

6. Calculate the per cent. of the original nitrite nitrogen 
nitrified by the soils. 
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NITRIFICATION IN SOILS. 

‘1. Weigh off in tumblers six 100 gram portions of an air- 
dry, sieved sample of the soil to be tested. . 

2. Arrange thus: hr Lead 

i od 

1 & 2—nothing. 
3 & 4—100 mgs. (NH,),80O,. 
5 & 6—200 mgs. dried blood. 


3. Stir in these materials very thoroughly by means of a 
sterile spatula. 

4. Add 10 cc. of a 5-minute infusion of a fresh sample 
of the soil to each. 

5. Add sterile water to bring the moisture conditions up 
to the optimum for the soil. 

6. Cover with Petri dish covers. 

7. Weigh on a torsion balance and record the total weight 
on the tumblers. 

8. Incubate for 4 weeks at 20° C. 

9. Weigh every ten days and by means of sterile water 
restore that lost by evaporation. 

10. At the end of the incubation period add water and 
about 2 gms. of lime, and shake thoroughly in a wide- 

~ mouth bottle. 

11. Filter through folded filter paper and wash thor- 
oughly. 

12. Make up to some convenient volume and determine 
the nitrate present in aliquot portions, by the phenol-sul- 
fonic acid method. 
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13. Calculate the total nitrate-nitrogen present in the 100 
gram portions .of soil. 

From the data at hand and the known composition of the 
ammonium sulfat and the dried blood, calculate the proper= 
tion of nitrogen nitrified in each of these materials by the 
soil examined. 
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EXERCISE XXI. 


THE RATE OF OXIDATION OF AMMONIUM SULFAT IN SOLU- 
TIONS AND IN SOILS IN THE PRESENCE AND 
ABSENCE OF CaCQ,. 


1. Measure off in 250 cc. Erlenmeyer flasks eight 100 
ce. portions of “solution for nitrite formation,” adding the 
CaCO, required to only four of these portions. 

2. Plug and sterilize in the usual way. 

3. Weigh off eight 100 gram portions of air-dry, sieved 
soil, in tumblers. 

4. Add 100 mgs. (NH,).S0, to each. 

5. Add 1 gm. of CaCO, to four of these. 

6. Stir in thoroughly by means of a sterile spatula. 

%. Arrange thus: 


1, 2, 3 & 4-100 ce. solution. 

5, 6, 7 & 8—100 ce. solution + 1 gm. CaCO,,. 

9, 10, 11 & 12—100 gms, soil + 100 mgs. (NH,).SO,. 

18, 14, 15 & 16—100 gms. soil + 100 mgs. (NH,).SO, + 1 gm. 
CaCo,. 


8. Inoculate both soils and solutions with 10 cc. (= 5 
gms. soil) of a 5-minute infusion of a fresh sample of the 
soil employed. 

9. Add sterile water to the soil portions to bring the 
moisture conditions up to the optimum and.cover the tum- 
blers with Petri dish covers. 

10. Place in the incubator at 20° C. 

11. Weigh every ten days and with sterile water replace 
that lost by evaporation. 
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12. At the end of two weeks determine, by the phenol- 
sulfonic acid method the nitrates present in samples: 1, 2, 
5, 6, 9, 10, 13 and 14; filtering the solutions and leaching 
the soil after additions of a little lime, making up to con- 
venient volumes and aliquoting in the usual way. 

13. At the end of four weeks the nitrates present in the 
remaining samples are determined similarly. ; 

14. Calculate the per cent. of ammonia nitrogen nitrified 
in the soils and in the solutions, in the same length of time, 
in the presence or absence of lime, and compare the rate of 
oxidation under these conditions. 
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EXERCISE XXII. 


ILE INFLUENCE OF SOLUBLE ORGANIC MATTER ON NITRIFICA- 
TION IN SOILS. 


1. Weigh off six 100 gram portions of air-dry, sieved 
soil, in tumblers. 

2. Add 100 mgs. (NH,),S0, to each. 

3. Make further additions as follows: 


1 & 2—nothing. 
8 & 4—1 gram dextrose. 
5 & 6—5 grams dextrose. 


4, Stir thoroughly by means of a sterile spatula. 
5. Inoculate all with 10 ec. (= 5 gms. soil) of a 5-minute 
‘infusion of a fresh sample of the soil. 

6. Add sterile water to bring the moisture conditions up 
to the optimum for the soil. 

7. Cover with Petri dish covers, weigh, and record the 
weight on the tumblers. 

8. Incubate 4 weeks at 20° C. 

9. Weigh every ten days and by means of sterile water re- 
store that lost by evaporation. 

10. At the end of the incubation period add water and 
about 2 gms. of lime; shake, filter, wash and determine the 
nitrates present in aliquot portions of the leachings as usual. 

3 
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EXERCISE XXIII. 


TILE AVAILABILITY OF NITROGENOUS ORGANIC MATTER AS IN- 
DICATED BY ITS NITRIFICATION. 


1. Weigh off sixteen 100 gm. portions of air-dry, sieved 
soil, in tumblers. 

2. Make additions of the following materials in such 
amounts that the nitrogen present in all cases shall be the 
same as is supplied by 100 mgs. ammonium sulfat. 

3. Arrange thus: 


1 & 2—nothing. 
3 & 4-100 mgs. ammonium sulfat. 
5 & 6—dried blood. 
7 & S—concentrated tankage. 
9 & 10—cottonseed meal. 
11 & 12—bone meal. 
13 & 14—horse manure (dried and ground). 
15 & 16—cow manure (dried and ground). 


4. Stir all thoroughly by means of a sterile spatula. 

5. Add sterile water to bring the moisture conditions up 
to the optimum for the soil. 

6. Cover with Petri dish covers; weigh and record the 
weight on the tumblers. 

7. Incubate + weeks at 20° C. 

8. Weigh every ten days and with sterile water replace 
that lost by evaporation. 

9. At the end of the incubation period add water and 
# little lime; shake, filter, make up to some convenient vol- 
ume and determine the nitrates present in aliquots, by the 
phenol-sulfonic acid method: 
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10. From the results obtained, subtracting in each case 
the amounts produced in the soil itself, calculate the per cent. 
of organic nitrogen transformed to nitrate. 

11. Then taking the availability of (NH,).80O, at 100 as 
a basis, calculate the relative availabilities of the other ma- 
terials. 

12. Compare the results obtained in this experiment with 
those secured in Exercise NIII., showing the comparative 
availability indicated by ammonification and _ nitrification 
tests. : 
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EXERCISE XXIV. 


TILE ISOLATION OF NITRIFYING BACTERIA BY THE MAGNESIA- 
GYPSUM BLOCK METHOD. 


1. Measure off four 100 ce. portions of “solution for ni- 
trite formation” in 250 ce. Erlenmeyer flasks. 

2. Plug and sterilize as usual. 

3. Inoculate with 10 cc. (= 5 gm. soil) of a 5-minute in- 
fusion of a fresh sample of soil. 

4, Incubate 7-8 days at 20° C. 

5. Test qualitatively for the production of nitrites by the 
Griess colorimetric method. 

6. If nitrites are present, by means of a platinum loop 
inoculate from these cultures on the surface of the magnesia- 
gypsum blocks, spreading the inoculum uniformly over the 
surface. 

%. Incubate 10-14 days at 20° C.; at the end of six days 
replacing the liquid surrounding the gypsum block with a 
fresh supply. 

8. Inoculate from some well isolated colonies to other 
gypsum blocks; incubate as usual and describe carefully the 
character of the growth. 

9. Test qualitatively the solution surrounding the blocks 
for ammonia, nitrites and nitrates. 

10, Examine the pure cultures obtained in hanging-drop 
and stained preparations and describe the character of the 
organisms. 
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GROUP III. DENITRIFICATION. 


Exercises XXV. to XXIX. 


EXERCISE XXV. 
DENITRIFICATION IN SOLUTION. 


1. Place 10 ce. of the “Giltay” solution in each of six test 
tubes. 

2. Plug and sterilize in the autoclave. 

3. Arrange thus: 


1 & 2—nothing. 
8 & 4—0.1 gm. soil. 
5 & 6—0.1 gm. horse manure. 


4. Incubate 7-8 days at 20° C. 

5. Test qualitatively for nitrates, using a diphenylamine 
solution in sulphuric acid—a blue coloration indicates the 
presence of nitrates. 
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EXERCISE XXVI. 
ISOLATION OF DENITRIFIERS. 


1. By means of a sterile platinum loop make transfers 
from tubes 3, 4, 5 and 6 of the previous experiment, into 
tubes of sterile water. 

2. Then inoculate from these dilutions into three tubes 
of liquefied and cooled (40° C.) “Giltay” agar in series. 

3. Pour Petri dishes as usual. 

+. Incubate 4-5 days at 20° C. 

5. Inoculate from several well isolated colonies appearing 
on these plates into tubes of sterile “Giltay” solution. 

6. Incubate 4-5 days at 20° C., and if cultures are not 
pure replate as before until pure cultures are obtained. 

7. Test qualitatively for the disappearance of nitrates as 
in the preceding experiment. 

8. If nitrates are absent inoculations are made from each 
culture into 100 cc. portions of “Giltay” solution in 500 cc. 
Jena flasks, and when a qualitative test shows that all 
nitrates have disappeared the solutions are digested by the 
regular Kjeldahl method and the total nitrogen determined. 
The difference between the amount of nitrogen found and 
that supplied as nitrate will give the loss of nitrogen as gas. 

9. Examine the pure cultures of denitrifiers obtained and 
identify by the usual cultural and morphological descrip- 
tions. 
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EXERCISE XXVIL. 
DENITRIFICATION BY PURE CULTURES OF DIFFERENT SPECIES. 


1. Place 50 ce. of the “Giltay” solution in each of eight 
250 cc. Erlenmeyer flasks. 

2. Plug and sterilize in the autoclave. 

3. Inoculate as follows: 


& 2—sterile. 
& 4—Ps. pyocyaneus. 
& 6—B. denitrificans. 
& 8—B. coli. 


4. Incubate for 7-8 days at 20° C. 
5. Divide each culture into three equal portions; deter- 
mine: 


(a) Total nitrogen by digestion, according to the modified Kjeldahl 
method. 

(b) Ammonia nitrogen by distillation with magnesium oxide. 

(c) Nitrate and ammonia nitrogen according to the Ulsch method. 


The total less the ammonia and nitrate nitrogen equals 
the organic nitrogen. The nitrogen found by the Ulsch 
method less the ammonia nitrogen, equals the nitrate nitro- 
gen. 
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EXERCISE XXVIII. 
DENITRIFICATIONS IN SOILS. 


1. Weigh off six 100 gram portions of air-dry, sieved soil, 
in tumblers. 

2, Add 0.5 grams of NaNO, to each. 

3. Arrange thus: 


1 & 2—Infusion Soil 1. 
3 & 4—Infusion Soil 2. 
5 & 6—Infusion Soil 3. 


4. Add 10 ce. (= 5 grams soil) of 5-minute infusions 
of fresh samples of the three soils to be tested. 

5. Add sterile water to bring the moisture conditions up 
to the optimum. 

6. Cover with Petri dish covers and incubate for 10-14 
days at 20° C. 

7. At the end of that time add water and a little lime; 
shake, filter, wash, make up to a convenient volume and de- 
termine the nitrates in aliquots of the leachings. 

8. Dry the residue, grind, and analyze for total nitrogen 
by the regular Kjeldahl method. 

9. Grind a sample of the air-dry soil used as the medium 
and determine the nitrogen present. 

10. The difference between the total amount of nitrogen 
present at the beginning of the experiment (the nitrogen in 
the soil + the nitrate added) and at the end represents the 
amount which has been lost by denitrification, and the rela- 
tive denitrifying powers of the soils may thus be determined. 
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EXERCISE XXIX. 


CONDITIONS FAVORING DENITRIFICATION IN SOILS. EXCES- 
SIVE MOISTURE AND EXCESSIVE ORGANIC MATTER. 


1. Weigh off twelve 100 gram portions of air-dry, sieved 
soil, in tumblers. 

2. Add 0.5 gram NaNO, to each. 

3. Arrange thus: 


& 2-—nothing. ; 

& 4—20 grams of horse manure. 
& G6—20 grams of dextrose. 

& S8—nothing. 

& 10—20 grams of horse manure, 
& 12—20 grams of dextrose. 


4. Stir in these materials very thoroughly by means of a 
sterile spatula. 

5. To each add 10 ce. of a soil infusion prepared by 
shaking 100 grams of a fresh soil in 200 cc. of sterile water 
for 5 minutes. 

6. Add sterile water to soil portions 1-6 to bring the 
moisture content up to the optimum, or 50% saturation, 
making such further additions where the horse manure and 
dextrose are added that organic matter containing 70% 
water shall be present. 

’. To soil portions 6-12 add sterile water to bring the 
moisture content up to 100% saturation, making further 
additions for the organic matter as before. 

8. Incubate 10-14 days at 20° C. 
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9. Add water and a little lime; filter, wash, make up to 
some convenient voluine and determine the nitrates present 
in aliquots. 

10. Dry and grind the residues and determine the total 
nitrogen present by the regular Kjeldahl method. 

11. From the results obtained calculate the per cent. of 
the NaNO, denitrified and the effect of excessive moisture 
or excessive organic matter on the loss of nitrogen. 
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GROUP IV. THE CHANGE OF SIMPLE INTO 
MORE COMPLEX COMPOUNDS. 


Exercises XXX. to XXXI. 


EXERCISE XXX. 
THE TRANSFORMATION OF AMMONIA NITROGEN INTO PROTEIN. 


1. Measure off eight 100 ce. portions of “Ammonia Nitro- 
gen Transformation” solution into Erlenmeyer flasks. 

2. Plug and sterilize in the autoclave. 

3. Inoculate thus: 


2—1 cc. vigorous culture of B. vulgaris. 
4—1 cc. vigorous culture of B. mirabilis. 


6—20 ce. (= 10 gm. soil) filtered, 5-minute infusion Soil 1. 


1& 
3 & 
5& 
7 & 8—20 ce. (= 10 gm. soil) filtered, 5-minute infusion Soil 2. 


4. Soils 1 and 2 should be of different types. 

5. Incubate 10-14 days at 20° C. 

6. Then add basic lead acetate to precipitate the protein. 

%. Filter, wash, and digest the residue by the regular 
Kjeldahl method for total N. 

8. The results obtained show the power of the pure cul- 


tures and the soils to transform ammonia nitrogen into 
protein. 
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EXERCISE XXXI. 
TILE TRANSFORMATION OF NITRATE NITROGEN INTO PROTEIN. 


1. Measure off eight 100 ce. portions of “nitrate-nitrogen 
transformation” solution into Erlenmeyer flasks. 

2. Plug and sterilize in the autoclave. 

3. Inoculate thus: 


1 & 2—1 ce. vigorous culture B. subtilis. 
3 & 4—1 cc. vigorous culture B. mycoides. 
5 & 6—20 ce. (= 10 gm. soil) filtered, 5-minute infusion Soil 1. 
7 & &—20 ce. (= 10 gm. soil) filtered, 5-minute infusion Soil 2. 


4. Incubate 10-14 days at 20° C. 

5. Precipitate the protein present by means of basic lead 
acetate. 

6. Filter, wash and digest the residue by the regular Kjel- 
dahl method for total N. 

%. The results obtained show the power of the pure cul- 
tures and the soils to transform nitrate nitrogen into pro- 
tein. 
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GROUP V. NON-SYMBIOTIC NITROGEN 
FIXATION. 


Exercises XXXII. to XLIII. 


EXERCISE XXXII. 
NITROGEN FIXATION BY SOILS IN MANNITE SOLUTIONS. 


1. Measure off four 100 ec. portions of mannite solution 
and place in 500 ce. flasks. 

2. Plug and sterilize in the autoclave as usual. 

3. Inoculate duplicate portions with 20 ce. of a freshly 
prepared 5-minute infusion of two soils of different types. 

4. Incubate for 10 days at 20° C. 

5. Make transfers for the igolevion of pure cultures in the 
succeeding experiment. 

6. Remove plugs, add 0.7 gm. Hg. and 20 ce. of H,SO, 
and determine the nitrogen present by the regular Kjeldahl 
method. 
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EXERCISE XXXIII. 
THE ISOLATION AND DESCRIPTION OF AZOTOBACTER. 


1. By means of a platinum loop make transfers from the 
cultures obtained in the preceding experiment into tubes of 
sterile mannite solution. 

2. Incubate 6-7 days at 20° C. 

3. Then inoculate from these cultures into tubes of sterile 
water. 

4. From each of these dilutions make transfers into three 
tubes of sterile, liquefied, and cooled (to 40° C.) mannite 
agar, 1n series, and plate in the usual way. 

5. Incubate 6-7 days at 20° C. 

6. With a platinum needle, inoculate from several well 
isolated, dissimilar colonies into tubes of sterile mannite 
solution. 

%. Incubate 6—7 days at 20° C. 

8. Make microscopic stained and hanging-drop prepara- 
tions from the pure cultures obtained and describe the char- 
- acteristics of the organisms. 

9. Inoculate from each culture into flasks containing 100 
ec. of sterile mannite solution. 

10. Incubate 6—7 days at 20° C. 

11. Add Hg. and H,SO, and digest, determining the 
nitrogen present by the regular Kjeldahl method. 

12. Describe the growth of each of the organisms on 
agar plates and in mannite solutions, and identify them. 
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EXERCISE XXXIV. 
NITROGEN FIXATION IN SOILS. 


1. Weigh off six 100 gram portions of air-dry, sieved soil, 
in tumblers. 

2. Add 1 gram of mannite to each. 

3. Stir in thoroughly by means of a sterile spatula. 

4. Arrange thus: 


1 & 2—Infusion Soil 1. 
38 & 4-Infusion Soil 2. 
5 & 6—Infusion Soil 3. 


5. Inoculate in duplicate with 10 cc. (= 5 gms. soil) 5- 
minute infusions of three soils of different types. 

6. Add sterile water to bring the moisture conditions up 
to the optimum for the soil. 

%. Cover with Petri dish cover and incubate 10-14 days 
at 20° C. 

8. Remove, dry, grind and analyze for total nitrogen by 
the regular Kjeldahl method. 

9. Grind a sample of the air-dry soil used as the medium 
and determine the total nitrogen present. 

10. The difference between the total nitrogen in the be- 
ginning and at the end of the experiment gives the amount 
of nitrogen fixed in the soil, and the relative fixing powers 
of the different soils may thus be determined. 
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EXERCISE XXXV. 
DESCRIPTION OF PURE CULTURES OF AZOTOBACTER. 


1. Pure cultures of Az. vinelandii, Az. beijerincki and 
Az. chroococcum are to be carefully examined and described 
for future reference. 

2. Make microscopic stained and hanging drop prepara- 
tions and note the characteristics of the various organisms. 

3. Inoculate into tubes of mannite solution, incubate 4-5 
days at 20° C. and describe the growth. 

4, Prepare mannite agar plates in the usual way, incubate 
4-5 days at 20° C. and study the colonies developed. 

5. Inoculate on potatoes and after incubation describe the 
growth. 

6. Make gelatin stabs, gelatin plates, sugar broth and milk 
cultures and describe the growth obtained. 

7. Tabulate the results of the examinations. 
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EXERCISE XXXVI. 


NITROGEN FIXATION BY PURE CULTURES OF AZOTOBACTER IN 
SOLUTIONS AND IN SOILS. 


1. Measure off six 100 cc. portions of mannite solution 
into 500 cc. Jena flasks. 
2. Plug and sterilize in the autoclave as usual. 
3. Weigh off six 100 gram portions of air-dry, sieved soil, 
in tumblers. 
4. Add 1 gram of mannite to each. 
5. Stir thoroughly by means of a sterile spatula. 
6. Inoculate with 1 cc. of vigorous cultures thus: 
& 2-~Mannite solution, Az. ‘beijerincki. 
& 4—Mannite solution, Az. chroococcum. 
& 6—Mannite. solution, Az. vinelandii. 
& S8—NSoil, Az. beijerincki. 
& 10—Soil, Az. chroococcum. 
& 12—Soil, Az. vinelandii. 
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1 


7. Add sterile water to the soil portions to bring the moist- 
ure conditions up to the optimum for the soil. 

8. Cover with Petri dish covers. 

9. Incubate soils and solutions 7-8 days at 20° C. 

10. Determine the nitrogen in the solutions by the regular 
Kjeldahl method. 

11. Dry and grind the soil portions and determine the ni- 
trogen present. 

12. Grind a sample of the air-dry soil used as the medium 
and determine the nitrogen present. 

4 
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13. The difference between the nitrogen present in the 
soil medium and in the cultures after incubation gives the 
amount of nitrogen fixed in the soil by the pure cultures. 

14. Compare the amounts of nitrogen fixed by the pure 
cultures in solution with those fixed in the soil itself. 
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EXERCISE XXXVILI. 


THE INFLUENCE OF DIFFERENT CARBOHYDRATES ON NITROGEN 
FIXATION BY AZOTOBACTER. 


1. Make up one liter of “mannite” solution without add- 
ing the mannite. 

2. Divide into ten 100 cc. portions in 500 ce. flasks. 

3. Make the following additions. 


1 & 2—1.5 gms, mannite. 

3 & 4—1.5 gms. dextrose. 

5 & 6—1.5 gms. glycerine. 

7 & 8—1.5 gms. 1% ethyl alcohol. 
9 & 10—1.5 gms. sodium acetate. 


4. Plug and sterilize in the autoclave as usual. 

5. Inoculate each with 1 cc. of a vigorous culture of ‘Az. 
vinelandii. 

6. Incubate 6-7 days at 20° C. 

7. Add 0.7% gm. Hg. and 20 ce. H,SO, and determine the 
nitrogen present by the regular Kjeldahl process. 

8. The effect of different carbon sources on the amount of 
nitrogen fixed is thus determined. 
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EXERCISE XXXVIILI. 


THE EFFECT OF VARYING REACTION OF THE MEDIUM ON 
NITROGEN FIXATION BY AZOTOBACTER. 


1. Make up 1200 cc. of “mannite” solution as described 
except that it is not neutralized. 

2. Divide into twelve 100 cc. portions in 300 cc. flasks. 

3. Neutralize thus: 


1 & 2—+ of the acidity neutralized 

3 & 4-4 of the acidity neutralized ba vinelandii. 
5 & 6—all of the acidity neutralized 

7 & S—+4 of the acidity neutralized 

9 & 10—4 of the acidity neutralized 
1 & 12—all of the acidity neutralized 


Az. chroococcum. 


4. Plug and sterilize in the autoclave as usual. 

5. Inoculate with 1 cc. of vigorous cultures of Az. vine- 
landii and Az. chroococcum. 

6. Incubate 6-7 days at 20° C. 

7. Add 0.7 gm. Hg. and 20 ce. H,SO, and determine the 
nitrogen present by the regular Kjeldahl method. 

8. Determine thus the effect of varying reaction of the 
medium on the nitrogen fixed by the pure cultures. 
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EXERCISE XXXIX. 


THE INFLUENCE OF IRON; OF PHOSPHATE; AND OF AERA- 
TION ON THE FIXATION OF NITROGEN BY AZOTOBACTER. 


1. Prepare 800 ce. of “Mannite solution.” 

2. Prepare 200 cc. of the same solution not adding the 
Fe, (80,4). 

3. Prepare similarly 200 ce. without the K,HPO,. 

4. Divide into 100 cc. portions in flasks and arrange as 
follows: 


& 2—Regular "mannite” solution in 500 cc. Erlenmeyers. 
38 & 4—Without Fe,(SO,), solution in 500 cc. Hrlenmeyers. 
5 & 6—Without K,HPO, solution in 500 cc. Erlenmeyers. 
7 & 8—Regular “mannite” solution in 2,000 cc. Erlenmeyers. 

& 10—Regular ‘‘mannite” solution in 1.000 cc. Erlenmeyers. 
1 & 12—Regular ‘“mannite” solution in 200 cc. Hrlenmeyers. 


1 
9 
1 


5. Plug and sterilize in the autoclave as usual. 

6. Inoculate each with 1 ce. of a vigorous culture of Az. 
vinelandii. 

7. Incubate 6-7 days at 20° C. 

8. Add 0.7 gm. Hg. and 20 cc. H,SO, and determine the 
total nitrogen by the regular Kjeldahl method. 

9. Determine the effect of the absence of Fe,(SO,), and 
of K,HPO,, and the effect of aeration on the fixation of 
nitrogen by Azotobacter. 
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EXERCISE XL. 


TILE INFLUENCE OF VARYING QUANTITIES OF SUGARS ON 
NITROGEN-FIXATION BY AZOTOBACTER. 


1. Make up 800 ce. of “mannite” solution as described, 
except that the mannite is not added. 

2. Divide into eight 100 cc. portions in 500 ce. flasks. 

3. Add sugar in the following amounts: 


1—0.25% mannite 
2—0.50% mannite 
3—1.00% mannite 
4— 2.00% mannite 
5—0.25% mannite 
6—0.50% mannite 
7—1.00% mannite 
8—2,00% mannite 


Az. vinelandii. 


Az. chroococcum. 


4. Plug and sterilize as usual in the autoclave. 

5. Inoculate with 1 ce. of vigorous cultures of Az. vine- 
landii and Az. chroococcum. 

6. Incubate 6-7 days at 20° C. 

7. Add 0.7 gm. Hg. and 20 cc. H,SO,, and determine the 
nitrogen present by the regular Kjeldahl method. 

8. Determine the effect of the varying amounts of sugar 
used on the nitrogen fixed by the pure cultures. 
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EXERCISE XLI. 


THE INFLUENCE OF OTHER ORGANISMS ON NITROGEN-FIXA- 
TION BY AZOTOBACTER. 


1. Measure off twelve 100 cc. portions of “mannite’” solu- 
tion in 500 cc. flasks. 

2. Plug and sterilize as usual. 

3. Inoculate with Azotobacter and pure cultures of other 
soil organisms, using 1 cc. of vigorous cultures in ‘every 
case. 


& 2—Az. vinelandii. 

& 4—Az. vinelandii—B. mycoides. 

& 6—Az. vinelandii—B. aerogenes. 

& 8—Az. chroococcum. 

& 10—Az. chroococcum—B. mycoides. 
& 12—Az. chroococcum—B. aerogenes. 


5. Incubate 6—7 days at 20° C. 

6. Add Hg. and H,SO, and digest for total nitrogen by 
the regular Kjeldahl method. 

%. The effect of the non-fixers on the fixation by Azoto- 
bacter is thus determined. 
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EXERCISE XLII. 
ANAEROBIC NITROGEN FIXATION. 


1. Measure off eight 100 cc. portions of Winogradski’s 
solution in 500 cc. flasks. 

2. To four of these add 10 mgs. (NH,),SO,. 

3. Plug and sterilize as usual. 

+. Inoculate with 10 ce. (= 5 gms. soil) of 5-minute soil 
infusions. 

5. Arrange thus: 


1 & 2—Infusion Soil 1. 
3 & 4—Infusion Soil 1 + 10 mgs. (NH,).S0O,. 
5 & 6—Infusion Soil 2. 
7 & 8—Infusion Soil 2 + 10 mgs. (NH,),SO,. 


6. Incubate 10-14 days in a Novy jar or some other appa- 
ratus suitable for maintaining anaerobic conditions. 

7. Remove and digest by the regular Kjeldahl method for 
total nitrogen. 


or 
Gr 


ISOLATION AND DESCRIPTION. 


EXERCISE XLII. 


TRE ISOLATION AND DESCRIPTION OF CLOSTRIDIUM 
PASTEURIANUM. 


1. By means of a platinum loop make transfers from the 
cultures obtained in the previous exercise (XLII.) into 
tubes of sterile Winogradski’s solution. 

2. Incubate under anaerobic conditions for 10-14 days at 
20° C. 

3. Inoculate from the cultures obtained thus into tubes 
of sterile water and from these dilutions into two tubes (in 
series) of Winogradski’s agar, liquefied and cooled (40° C.) 
and plate in the usual way. 

4. Incubate under anaerobic conditions for 7-10 days 
at 20° C. 

5. Inoculate from several well-isolated colonies into tubes 
of Winogradski’s solution and incubate as before. 

6. If the cultures are not pure they should be plated out 
as before until pure cultures are obtained. 

%. Describe the character of the growth on the various 
media employed jin the ordinary cultural examination of 
organisms. 

8. Examine in stained and hanging-drop preparations for 
morphological descriptions. 
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GROUP VI. SYMBIOTIC NITROGEN FIXATION. 


Exercises XLIV. to XLVI. 


EXERCISE XLIV. 


THE ISOLATION AND EXAMINATION OF B, RADICICOLA FROM 
DIFFERENT LEGUMES. 


1. Thoroughly wash the roots of several legumes (e. g., 
red clover, alfalfa, sweet clover, cowpeas, etc.), under the 
tap. : 

2. Compare the size, numbers and location of the nodules 
on the roots of these different legumes. 

3. Remove the nodules from each, wash under the tap and 
immerse for 3 minutes in mercuric chloride solution 
(1: 500). 

4, With flamed forceps remove the nodules and take up 
the excess of the solution between the folds of filter paper 
wrung out of the same solution. 

5. Then each nodule is held in flamed and cooled forceps 
and an incision made in it by means of a sterile knife or a 
chisel-edged platinum needle. 

6. A sterile platinum needle is thrust into the opened 
nodule and rotated gently to cause some of the crushed tissue 
to adhere to it. 

7. Then tubes of sterile “Radicicola” solution are inocu- 
lated. 
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8. After incubation agar plates are made in the usual way 
and the growth described. 

9. Hanging-drop and stained preparations are made and 
the organisms carefully described. 

10. Note any differences among the organisms from the 
different legumes. 
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EXERCISE XLV. 


THE EFFECT OF INOCULATION AS SHOWN BY THE GROWTH OF 
LEGUMES IN TUBES. 


1. Thoroughly wash the seeds of the legumes to be used 
(alfalfa, red clover, sweet clover, etc.) and immerse in a 
mercuric chloride solution (1: 500) for 5 minutes. 

2. Place between the folds of filter paper wrung out of the 
same solution, and put in a warm place until dry. 

3. Then drop one or two seeds of each legume into a large 
{ube containing a loose mass of filter paper covered with 10- 
20 ce. of “Radicicola” solution. 

4, Arrange thus: 


1& 2~Alfalfa. 

3 & 4—Alfalfa, inoculated with alfalfa organisms. 

5 & 6—Alfalfa, inoculated with sweet clover organisms. 

7 & 8 —Sweet Clover, inoculated with alfalfa organisms. 

9 & 10—Sweet Clover, inoculated with sweet clover organisms. 
1& 


1 12—Red Clover, inoculated with alfalfa organisms. 


5. The seeds used are inoculated according to the plan 
given in (4) from pure cultures of the organisms obtained 
in the previous exercise. 

6. After growth has taken place examine carefully for 
nodule formation and note the location, numbers and size of 
the nodules formed. 

%. Describe the general effects of cross-inoculation, com- 
paring the cross inoculated with the straight inoculated 
plants. 
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EXERCISE XLVI. 
THE GROWTH OF B. RADICICOLA ON VARIOUS CULTURE MEDIA. 


1. Inoculate from the pure cultures of B. Radicicola ob- 
tained from the various lezumes in Exercise XLIV into 
tubes of the following solutions: 


(1) “Radicicola” solution. 

(2) “Sugar-ash” solution. 

(3) “Modified Radicicola” solution. 

(4) ‘“Radicicola” solution + .1 gm. (NH,).SO,. 


2. Incubate all the cultures 10-14 days at 20° C. 

3. Describe the growth of the organisms in the different 
media. 

4. Examine in hanging-drop and stained preparations and 
compare the size, motility, etc., of the organisms grown under 
these varying conditions. 
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EXERCISE XLVII. 
THE CULTIVATION OF, AMYLOBACTER SPECIES. 


1. Boil 100 cc. of water in a tall, narrow beaker, until the 
air is expelled. 

2. Add in small quantities at a time, coarsely powdered 
rice, or coarsely powdered. barley. 

3. When the mass is thick enough to hold a spoon in an 
upright position, stir in a small quantity of flour and incor- 
porate it with the lower portion of the mass. 

4. Cover with a glass plate and keep at 35°- 87° C. 

5. Fermentation will set in at 12-36 hours. 

6. By staining with a dilute potassium iodide solution, 
granulose may be detected in many spindle-shaped sporan- 
gia. 
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EXERCISE XLVIII. 
BUTYRIC FERMENTATION. 


1. Six 250 ce. Erlenmeyer flasks are filled almost full of 
“synthetic” solution. 

2. Plug and sterilize as usual. 

3. Inoculate thus: 


1 & 2-0.5 ce. old milk. 
3 & 40.5 gm. old cheese. 
5 & 6—0.5 gm. old compost. 


4. Incubate 10-14 days at 20° C. 

5 Test qualitatively for butyric acid. 

6. Examine the cultures obtained, in hanging-drop and 
stained preparations and describe the organisms present. 
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EXERCISE XLIX. 
AEROBIC CELLULOSE FERMENTATION. 


1. Make up a solution containing: 


1,000 ce. tap water. 
1 gm. NH,Cl, 
0.5 gm. K,HPO,. 


2. Weigh off three portions of 1-2 gms. filter paper. 

3. Place a piece of filter paper and 2.0 gms. CaCO, in 
each of three large Petri dishes. Pour enough of the above 
solution into each dish to cover the bottom completely. 

4. Add 2 ce. of an infusion of well-rotted manure to one 
portion, and 2 gms. of garden soil to another portion. 

5. Open every second day and add water to maintain the 
supply of moisture. 

6. Incubate 83-4 weeks at 28°-35° C. 

7. Remove the filter paper very carefully with forceps and 
wash thoroughly. 

8. Dry carefully and weigh. 

9. The differences between the initial and final weights 
will show the amount of filter paper decomposed by the 
aerobic cellulose ferments. 


[- €0% 
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EXERCISE L. 
CELLULOSE FERMENTATION BY CULTURES OF DENITRIFIERS. 


1. Make up the following solution: 


1,000 cc. tap water. 
2.5 gms. KNO,. 
0.5 gm, K,HPO,. 


2. Place in Erlenmeyer flask of 200 cc. capacity 2 gms. 
of pure absorbent cotton; fill to the neck with the above 
solution; add a few cc. of ditch water. 

3. Incubate at 35° for 15-20 days. 

4. Test for the disappearance of nitrate reaction. 

5. Pour off liquid; wash, dry and weigh the cotton. 


6. Record changed appearance and loss in the weight of 
the cotton. 
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EXERCISE LI. 
ANAEROBIC CELLULOSE FERMENTATION, 
1. Make up a solution of: 


1,000 ce. distilled water. 

1 gm. K,HPO,. 

1.0 gm. (NH,);(PO,)>. 

0.5 gm. MgSQ,. 

Traces of NaCl and Fe,Cl,. 


2. Place in 200 ce. Erlenmeyer flask 2 gms. of filter paper, 
or of pure absorbent cotton, and 2 gms. of Ca(‘Oy. 
8. Fill to the neck with the above solution. 


4. Inoculate with several cc. of infusion of well-rotted 
horse manure. 


5. Incubate at 30°-35° for +6 weeks. 
6. Pour off liquid; dry and weigh the cellulose. 
7. Record changed appearance and loss in weight. 


on] 
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EXERCISE LH. 
THE ISOLATION AND DESCRIPTION OF CELLULOSE FERMENTS. 


1. From the cultures obtained in Exercises XLIX. and 
L. inoculate by means of a platinum loop into tubes of 
sterile water. 

2. Then inoculate into tubes of sterile “cellulose” agar in 
series and plate in the usual way. 

3. Incubate 10-14 days at 20° C.; the cultures obtained 
from Exercise L. being kept under anaerobic conditions in a 
Novy jar. 

4. From well isolated colonies inoculate into tubes of 
sterile “cellulose” solution containing strips of filter paper, 
tubes almost full of solution being used for the anaerobic 
ferments. 

5. Microscopic hanging, drop and stained preparations are 
made and careful comparative descriptions of the organisms 
recorded. 
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EXERCISE LITI. 
THE FORMATION OF ORGANIC ACIDS. 


1. Measure off four 100 ce. portions of “synthetic” solu- 
tion in 150 ce. Erlenmeyer flasks. Add to each portion 1 
drop of a 1% solution of Fe,Cl, and 2 or 3 drops of a 1% 
solution of CaCl,. 

2. Plug and sterilize in the autoclave. 

3. Prepare 400 cc. of the similarly modified. “synthetic” 
solution using KNO, instead of peptone. 

4. Measure off four 100 cc. portions of this solution in 
150 cc. Erlenmeyers; plug and sterilize as usual. 

5. Arrange thus: 


& 2—‘Synthetic” solution—Az. vinelandii. 

& 4—‘Synthetic” solution—Az. chroococcum. 

& 6—“‘Synthetic” solution using KNO,—B. mycoides. 
& 


6. Inoculate with 1 ce. of vigorous cultures of the above 
named organisms. 

7%, Incubate 10-14 days at 20° C. 

8. Test qualitatively for acetic, butyric, and lactic acids. 
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EXERCISE LIV. 
HUMUS FORMATION. 


1. Weigh off ten 100 gm. portions of sieved soil, in tum- 
blers. 
2. Arrange thus: 


1 & 2—nothing. 

3 & 4-5 grams wheat straw (ground). 

5 & 6—5 grams alfalfa hay (ground). 

7 & 8—5 grams wheat straw (ground) + 1 gm. CaCo,. 
9 & 10—5 grams alfalfa hay (ground) + 1 gm. CaCO,. 


3. Stir in these materials thoroughly by means of a 
sterile spatula. 

4. Add 12 ce. of sterile water to permit of the presence 
of organic matter containing 70% water. 

5. Determine the moisture content of the soil employed 
and add sufficient sterile water to bring the water content up 
to the optimum. 

6. Cover with Petri dish covers, weigh, and record the 
weight on the tumblers. 

%. Incubate 3-4 months at 20° C. 

8. Weigh every 10-14 days and add enough sterile water 
to keep the moisture conditions constant. 

9. At the end of the incubation period determine the 
humus present in each tumbler by the usual method. 

10. Determine the humus present in the soil used as the 
medium. 

11. The difference between the amount of humus at the 
beginning and at the end of the experiment gives the 
quantity formed from the organic matter supplied. 
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EXERCISE LV. 
SULFAT REDUCTION. 


1. Fill six 150 cc. Erlenmeyer flasks almost full of “sul- 
fat reduction” solution. 

2. Plug and sterilize as usual. 

3. Inoculate thus: 


1 & 2—nothing. 
3 & 4—1 cc. of ditch water. 
5 & 6—2 cc. (= 1 gm. soil) of garden soil. 


+. Incubate 7-14 days at 20° C. : 

5. At the end of that time test for sulfats by adding a 
little BaCl, solution to a portion of the culture liquid in a 
test tube. A white precipitate indicates the presence of 
sulfats—the absence of a precipitate shows complete sul- 
fat reduction. Partial reduction is indicated by the darken- 
ing of the solution due to the formation of sulfid of iron. 
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APPENDIX A. 


PREPARATION OF MEDIA. 
I. Bouillon. 

1. To 1 liter (1,000 ce.) of water add the following sub- 
stances: 


10 gms. peptone. 
5 gms, NaCl. 
5 gms. Liebig’s beef extract. 


2. Boil until dissolved and restore to the original volume 
with water. 

3. Titrate thus: By means of a pipette, transfer 5 cc. of 
the solution to a porcelain dish. Add 45 cc. of distilled water 
and heat to boiling. Titrate while hot with = NaOH using 
phenolphthalein as an indicator. <A faint pink color indicates 
the end point. The reaction of the medium is expressed in 
degrees of Fuller’s scale, which represent the number of cc. 
of acid or alkali present in 1,000 cc. of the medium. A minus 
(—) sign indicates alkalinity, and a plus (++) sign acidity; 
é. g., —20° would indicate that the medium was twenty de- 
grees alkaline or that 20 cc. of normal acid must be added 
per liter to neutralize it. 

The reaction of the bouillon is to be + 10° Fuller’s scale or 
1% acid and it must be adjusted to that point by adding 
normal NaOH or HCl as required; e. g., suppose 30 ce. of 
= NaOH were required to. neutralize 5 cc. of the medium, 
then 100 ce. would require 3.0 cc. of normal NaOH, or a liter 
would require 30 ce. of normal NaOH. The bouillon in this 
case would be 30° acid. The optimum reaction, however, 
being 10° acid, 20 cc. of normal NaOH must be added per 
liter of bouillon. 
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4. Boil vigorously for five minutes or until the sediment 
becomes flaky. 

5. Make up with water any loss by evaporation. 

6. Filter hot through folded filter paper. 

7%. Sterilize in the autoclave at 15 lbs. pressure for ten 
minutes, 


TI. Bouillon Agar. 

1. Make a paste of 20 gms. of powdered agar in cold water 
and add to 1,000 ce. of bouillon. 

2. Boil until dissolved. 

3. Filter through absorbent cotton. 

4. Fill into test tubes taking care not to allow the me- 
dium to touch the necks of the tubes as this will cause the 
cotton to stick to the glass when the plugs are removed. 

5. Sterilize in the autoclave at 15 lbs. pressure for ten 
minutes. 


III. Gelatin. 

1. Dissolve 10 gms. of gelatin in 100 cc. of bouillon (boil- 
ing hot). Do not boil after the gelatin has been added or 
the solidifying power may be destroyed. 

2. Filter through filter paper. 

3. Sterilize in the autoclave at 10 lbs. pressure for ten 
minutes. 
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IV. Potatoes. 

1. Wash the potatoes thoroughly with water. 

2. By means of a borer cut out cylinders 3-4 inches in 
length. 

3. Remove the skin and cut each cylinder into two wedge- 
shaped pieces. 

4, Place a small piece of cotton in the bottom of each test 
tube and moisten it. This is to prevent the potato from dry- 
ing out. 

5. Rinse the wedges thoroughly in water and place one in 
each test tube, 

6. Sterilize in the autoclave at 15 Ibs. pressure for ten 
minutes. 


V. “Mannite” Solution for Nitrogen-firers. 
1. To one liter (1,000 cc.) of distilled water add the fol- 
lowing substances: 


0.2 gm. K,HPO,. 

0.2 gm. MgSQ,. 

0.02 gm. CaCl. 

1 drop 10% sol. FeCl. 
15.0 gms. mannite. 


2. Stir until all the substances are dissolved. 

3. Add a few drops of phenolphthalein and then by means 
of a pipette add 10% NaOH, until the solution assumes a 
very faint pink color. 

4, Sterilize in the autoclave at 15 lbs. pressure for ten 
minutes. 
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VIL “Mannite” Agar. 

1. Make a paste of 20 gms. of powdered agar in water and 
add to 1,000 ce. of “mannite” solution. 

2. Boil until dissolved. 

3. Filter through absorbent cotton. 

4. Sterilize in the autoclave as usual. 


VII. “Giltay” Solution for Denitrification. 
1. Dissolve the following substances in 800 cc. of distilled 
water: (Solution I.) 


2 gms. KH,PO,. 

2 gms. MgSOQ,. 

1 gm. KNO,. 

0.2 gm. CaCl,. 

2 drops sol. Fe,Cl,. 
5 gms. citric acid. 


2. Add a few drops of phenolphthalein and then by means 
of a pipette drop in just enough 10% NaOH to turn the 
solution a faint pink color. 

3. Dissolve 10 gms. dextrose in 200 cc. of distilled water 
(Solution IT). 

A. Mix solutions I. and II. very thoroughly. 

5. Sterilize in the autoclave at 15 lbs. pressure for ten 
minutes. 
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VILL. “Gutay” Agar. 

1. Make a paste of 20 gms. of powdered agar in water 
and add to 1,000 ce. of “Giltay” solution. 

2. Boil until dissolved. 

3. Filter through absorbent cotton. 

4. Sterilize in the autoclave as usual. 


IX. “Solution for Nitrite Formation.” 
1. Dissolve the following materials in 1,000 cc. of distilled 
water. 
1 gm. (NH,), 80, 
1 gm. KH,PQ,. 
0.5 gm. MgSQ,. 7 
0.4 gm. Fe,(SO,);. 
2 gms. NaCl. A 


2. Stir until the solution is complete. 

3. Measure off 100 cc. portions in flasks. 

4, Add 1 gm. CaCO, to each portion. 

5. Sterilize in the autoclave at 15 Ibs. pressure for ten 
minutes. 


X. “Nitrite Solution for Nitrification.” 
1. Dissolve in 1 liter (1,000 cc.) of distilled water: 


1 gm. NaNO,. 

1 gm, Na,CO,. 

0.5 gm. KH,PO,. 
0.5 gm. NaCl. 

0.4 gm. Fe,(SO,);. 
0.3 gm. MgSO,. 


2. Stir until all the materials are in solution. 
3. Sterilize in the autoclave as usual. 
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XI. “Nitrate-Nitrogen Transformation” Solution. 
1. Dissolve in 1 liter (1,000 ce.) of distilled water: 


0.2 gm. K,HPOQ,. 
0.2 gm. MgSQ,. 
0.5 gm. NaNO,. 
0.02 gm. CaCl. 
1.0 gm. dextrose. 

1 drop. sol. FeCl. 


2. Stir until dissolved. 

3. Add a few drops of phenolphthalein and then 10% 
NaOH until the solution is just neutral. 

4. Sterilize in the autoclave at 15 lbs. pressure for ten 
minutes. 


NIL. “Ammonia-Nitrogen Transformation” Solution. 
1. Dissolve in 1 liter of distilled water: 


0.2 gm. K,HPO,. 
0.2 gm. MgSQ,. 

1.0 gm. (NH,), SO,. 
0.02 gm. CaCl,. 

1.0 gm. dextrose. 

1 drop sol. FeCl. 


2. Stir until dissolved. 

3. Add 10% NaOH until the solution is neutral to phe- 
nolphthalein. 

4. Sterilize in the autoclave as usual. 
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XIII. “Synthetic” Solution. 
1. To 1,000 cc. of tap water add the following: 


10 gms. dextrose. 
0.2 gm. MgSQ,. 

0.5 gm. K,HPO,. 
0.05 gm. peptone. 


2. Stir until dissolved. 
3. Sterilize in the autoclave as usual. 


XIV. “Synthetic” Agar. 

1. Make a paste of 20 gms. of powdered agar with cold 
water and add to 1,000 ce. of “Synthetic Solution.” 

2. Boil until dissolved. 

3. Filter through absorbent cotton. 

4. Sterilize as usual. 


XV. “Cellulose” Solution. 
1. Dissolve in 1,000 cc. of- tap water: 


0.5 (NH,),PO,. 
0.5 gm, KH,PO,. 
0.1 gm. MgSQ,. 
0.1 gm. NaCl. 


2. Sterilize in the autoclave as usual. 
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AVI. “Radicicola’ Solution. 
1. Dissolve in 1,000 cc. of tap water: 


10 gms. saccharose. 
1 gm, K,HPO,. 


2. Stir until dissolved. 
3. Sterilize in the autoclave at 10 lbs. pressure for 20 min- 
utes. 


XVII. “Radicicola’ Agar. 

1. Make a paste of 20 gms. of powdered agar in cold 
water and add to 1,000 cc. of “Radicicola” solution. 

2. Boil until dissolved. 

3. Filter through absorbent cotton. 

4. Sterilize in the autoclave for twenty minutes at 10 lbs. 
pressure. 


XVIII. “Urea Solution.” 

1. To bouillon prepared as in I. add 1% urea and boil 
until dissolved. 

2. Sterilize in the autoclave as usual. 


XIX. “Urea Agar.” 

1. Make a paste of 20 gms. of powdered agar in cold 
water and add to 1,000 cc. of “Urea Solution.” 

2. Boil until dissolved. 

3. Filter through absorbent cotton and sterilize as usual. 
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XX. “Sugar-ash” Solution For Radicicola. 

1. To 1 liter (1,000 cc.) of distilled water, add 15 gms. 
of wood-ashes (beech, elm, maple). 

2. Heat in steam, boil one minute and filter through 
moistened filter paper. 

3. To the filtrate add 10 gms. Maltose and stir until dis- 
solved. 

4. Sterilize in the autoclave at 10 lbs. pressure for 20 
minutes. 


XXI. “Sugar-ash” Agar. 

1. Make a paste of 20 gms. of powdered agar in cold 
water and add to 1,000 ce. of “sugar-ash” solution. 

2. Boil until dissolved. 

3. Filter through absorbent cotton. 

+, Sterilize in the autoclave at 10 lbs. pressure for 20 
minutes. 


XXII. Omelianski’s Magnesia Gypsum Blocks For Culti- 
vating the Nitrifying Organisms. 

1. One per cent. carbonate of magnesia is uniformly 
mixed with gypsum and water is added with constant stir- 
ring until the mass assumes the consistency of sour cream. 

2. Pour out on plate glass and spread out. 

3. As soon as the mass becomes of a doughy consistency, 
and is ready to harden, circular pieces for Petri dishes, or 
strips for test tubes, are cut out. 

4. When the gypsum plate has become hard, it is pried 
loose from the glass and placed bottom up in the Petri 
dishes. 
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5. Enough of the solution for “nitrite formation” is added 
to half cover the block. 

6. Sterilize in the autoclave at 15 lbs. pressure for 10 
minutes. 


NXNIII. Winogradshi’s Medium for Nitrogen-Fization, 
1. To 1,000 ce. distilled water add the following sub- 
stances : 


1.0 gm. K,HPO,. 
0.5 gm. MgSQ,. 
0.01 gm, NaCl. 

0.01 gm. Fe, (SO,);. 
0.01 gm. MnSOQ,. 
20 gms. dextrose. 
30 gms, CaCO,. 


2. Stir until all the substances except the CaCO, are in 
solution. 
3. Sterilize in the autoclave as usual. 


XXIV. Winogradski’s Agar. 

1. Make a paste of 20 gms. of powdered agar in cold 
water and add to 1,000 ce. of the solution XNITI. 

2. Boil until dissolved. 

3. Filter through absorbent cotton. 

4. Sterilize in the autoclave as usual. 
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XXV. Winogradski’s Silicate Jelly. 

1. To 100 ce. HCl (sp. gr. 1.10° Beame’s) is added drop 
by drop 100 cc. sodium silicate (sp. gr. 1.09) stirring con- 
stantly with a glass rod. 

2. Place in collodion sacks and dialyze for 12 hours in 
running water. 

3. The dialyzed silicate jelly is then poured out of the 
collodion sacks into a beaker and boiled for a few minutes to 
drive off the absorbed air. 

4. Cool down to 50° C. and the following boiled and 
cooled solution is added: 


0.4 gm. (NH,),SO,. 

0.05 gm. MgSO,. 

0.1 gm. K,HRO,. 

0.6 gm. Na,CO,. 

Trace CaCl. 

These substances are dissolved in as little water as possible and 
added to: 
100 gm. silicate jelly. 


5. Sterilize in the autoclave at 110° C. for 15 minutes. 


XXVI. “Modified Radicicola Solution.” 
1. To 1 liter (1,000 cc.) distilled water add the following: 


5 gms: saccharose. 
2 gms. K,HPQ,. 
0.1 gm. MgSO,. 
0.5 gm. NaCl. 


2. Boil until dissolved. 
3. Sterilize in the autoclave as usual. 
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NXAVII. “Solution for Sulfat Reduction.” 
1. Dissolve in 1,000 ce. of tap water: 


0.5 gm. K,HPO,. 

5.0 gms. sodium lactate. 
1.0 gm. asparagin. 

1.0 gm. MgSO,. 

Trace ferrous sulfat, 


2. Sterilize in the autoclave as usual. 


NXVIII. Sugar Broths. 

1. 1 gm. of any of the sugars (dextrose, maltose, saccha- 
rose, mannite, or lactose) is added to 100 ce. of bouillon. 

2. Fermentation tubes are filled and sterilized in the steam 
sterilizer for 30 minutes on three consecutive days. 


XNIX. Dunham's Solution. 


1,000 ce. distilled water. 
10 gms. Witte’s peptone. 
5 gms. NaCl. 


2. Fill into test tubes and sterilize in the autoclave as 
usual. 
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XXX. Nitrate Solution. 


1. 
0.5 gm. NaCl. 
1.0 gm. peptone, 
0.2 gm. KNO,. 
1,000 cc. water. 


2. Fill into test tubes and sterilize as usual. 


XXXI. Milk. 

1. The milk should be obtained from a clean dairy and if 
not free from cream should be filtered or separated. 

2. 10 ce. portions in test tubes are sterilized in the steam 
sterilizer for 15 minutes on each of four consecutive days. 

3. After standing a week the milk is ready for use. 


XXXII. Litmus Milk. 

1. Fresh separated milk is employed. 

2. To each 100 cc. add 2 cc. of a saturated solution (1 
gm.—15 cc. water) of blue litmus. 

3. 10 cc. portions in test tubes are sterilized in the steam 
sterilizer for 15 minutes on four consecutive days. 


nw 
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APPENDIX B. 


METHODS. 


1. Ajeldahl Method for Total Nitrogen. 
1. Reagents. 


(a) 


(0) 


(c) 
(4) 
(e) 


Standard HCL. 

Approximately one-half normal. The absolute 
strength is determined by precipitating with 
silver nitrate and weighing the silver chlorid 
formed. 

Standard Alkali (NH,OH). 

Approximately one-tenth normal. Standardize 
against the HCl. 

Potassium Sulfid solution. 

40 gms. K,S per liter of water. 

Sodium Hydroxid. 

A saturated solution. 

Indicator. 

3 gms. cochineal digested in a mixture of 50 
ec. alcohol and 200 cc. distilled water for 2 
days and filtered. 


2. Determination. 


(a) 


Digestion. 

The substance to be analyzed is placed in a 
Kjeldahl flask with 0.7 gms. Hg. and 20 ce. 
H,SO, and heated in an inclined position until 
all the organic matter is oxidized and the 
nitrogen changed to (NH,).SQ,. 


(b) 
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Distillation. 

After cooling transfer to distilling flasks with 
200 cc. water and add 0.5 gm. zine dust, 25 ce. 
K,S solution and 50° cc. of NaOH. Connect 
the flask with the condenser and distil until all 
the ammonia has passed over, collecting it in 
the standard HCl and titrating against the 
standard alkali, using cochineal as an. indi- 
cator. 


II. Phenolsulfonic Acid Method for Nitrates. 
1. Reagents. 


(2) 


(b) 


Phenolsulfonic acid. 

15 gms. phenol dissolved in a mixture of 92.5 
ee. H,SO, and 7.5 cc. water. 

Standard Nitrate solution. 

0.7221 gms. KNO, per liter of water. 25 cc. 
are evaporated to dryness and treated as de- 
scribed below; the solution made up to 100 
cc. with water, then each cc. = .025 mg. nitro- 
gen. 


2. Determination. 


‘The solution in which the nitrate is to be de- 


termined is evaporated to dryness on a water 
bath. 2 cc. of the phenolsulfonic acid is added 
and stirred thoroughly. 

Stand 10-15 minutes. 

Add 15 cc. of water and 10-15 cc. of ammonium 
hydroxid. Dilute to 100 cc. in a colorimeter 
tube and compare with the standard solution 
in another tube, diluting the unknown or the 
standard as necessary. 
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III. Griess Colorimetric Method for Nitrites. 
1. Reagents. 


C2) 


Sulfanilie acid. 
0.5 gm. sulfanilic acid in 150 ce. of dilute acetic 
acid (sp. gr. 1.04). 


(6) Naphthylamine acetate. 


(c) 


(d) 


(e) 


Boil 0.1 gm. of a naphthylamine in 20 ce. of 
water and filter through a plug of absorbent 
cotton into 180 cc. of dilute acetic acid (sp. 
gr. 1.04). 

Nitrite reagent. 

Mix equal parts of the sulfanilic acid and 
naphthylamine acetate. 

Standard Sodium nitrite. ; 
0.0836 gm. pure silver nitrite dissolved in 
water. Add a solution of NaCl until all the 
silver is precipitated. Make up to 250 cc, 
shake and stand until the precipitate has set- 
tled. Dilute 10 ce. of the supernatant liquid to 
100 ce. with water. Each ce. of this = 0.01 
mg. NO,. 

Standard colorimetric solution. 

10 ce. of the above standard nitrite solution 
treated as described below and made up to 
100 ce. with water. 


2. Determination. 


To the solution to be tested add 16 cc. of the 
nitrite reagent (c) and dilute to 100 cc. in a 
colorimeter tube, and compare with the stand- 
ard colorimetric solution (¢) diluting the one 
or the other as necessary. 
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IV. Humus Determination. 

1. 10 gms. of the sample are placed in a Gooch crucible 
and extracted with 1% HCl until the filtrate gives no re- 
action with ammonia and ammonium oxalate. 

2. The acid is removed by washing with water. 

3. The contents of the crucible are then washed into a 
glass stoppered cylinder with 500 cc. of 4% NH,OH. Stand 
24 hours with occasional shaking. Stand 12 hours to permit 
settling. 

4, The supernatant liquid is filtered and an aliquot evap- 
orated, dried at 100° C. and weighed. 

5. The residue is then ignited and weighed. 

6. The humus is calculated from the difference in weight 
between the dried and the ignited residues. 


V. Ammonia Determination. 

10-15 gms. of heavy MgO and a piece of paraffin are added 
to the solution to be tested, the NH, distilled off, collected 
in standard acid, and titrated against standard alkali. 


VI. Some Qualitatiwe Tests. 

1. Nitrates. 

A small portion of the solution to be tested is treated with 
a solution of diphenylamine in H,SO. The presence of ni- 
trates is indicated by the appearance of a blue color. 

2. Acetic acid. 

Treat a little of the solution to be tested in a test tube with 
a mixture of H,SO, and ethyl alcohol. The presence of 
acetic acid may be detected by the ethyl acetate odor which 
is quite distinctive. 
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3. Butyric acid. 

A small portion of the solution to be tested is treated as in 
the test for acetic acid and the presence of butyric acid is 
shown by the peculiar odor of the ethyl butyrate produced. 

4. Lactic acid. 

Add 10 ce. of Uffelmann’s solution to a little of the culture 
in a test-tube. The formation of a canary yellow color indi- 
cates the presence of lactic acid. 

(Uffelmann’s solution: 100 cc. of a 1% solution of car- 
bolic acid to which 10-15 drops of a solution of Fe,Cl, have 
been added.) 
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APPENDIX C. 


DESCRIPTIVE CHART—SOCIETY OF AMERICAN BACTERIOLO- 
GISTS. 
} 
Cultural and morphological descriptions of organisms are 
to be made according to this chart and records kept accord- 
ing to the numerical system. 


DESORIPTIVE CHART——-SOCIETY OF AMERICAN BACTERIOLOGISTS. 


Prepared by F. D. Chester, F. P. Gorham, Erwin F, Smith, Committee on Methods of Identification of Bacterial Species. 
Endorsed by the Society for general use at the Annual Meeting, Dec. 31, 1907. 


GLOSSARY OF TERMS. 


AGAR HANGING BLOCK, a small block of nutrient agar 
cut from a poured plate, and placed on a cover-glass, 
the surface next the glass having been first touched 
with a loop from a young fluid culture or with a dilu- 
tion from the same. It is examined upside down, the 
same as a hanging drop. 

AMEBOID, assuming various shapes like an ameba. 

AMORPHOUS, without visible differentiation in structure. 

ARBORESCENT, a branched, tree-like growth. 


BEADED, in stab or stroke, disjointed or semi-confluent 
colonies along the line of inoculation. 

BRIEF, a few days, a week. 

BRITTLE, growth dry, friable under the platinum needle. 

BULLATE, growth rising in convex prominences, like a 
blistered surface. 

BUTYROUS, growth of a butter-like consistency. 

CHAINS, 

Short chains, composed of 2 to 8 elements. 

Long chains, composed of more than 8 elements. 
CILIATE, having fine, hair-like extensions like cilia. 
CLOUDY, said of fluid cultures which do not contain pseudo- 

zoogloeae. 

COAGULATION, the separation of casein from whey in milk. 
This may take place quickly or slowly, and as the re- 
sult either of the formation of an acid or of a lab fer- 
ment. ; 

CONTOURED, an irregular, smoothly undulating surface, 
like that of a relief,map. 

CONVEX, surface the segment of a circle, but flattened. 

COPROPHYL, dung bacteria. 

CORIACEOUS, growth tough, leathery, not yielding to the 
platinum needle. 

CRATERIFORM, round, depressed, due to the liquefaction 
of the medium. 


CRETACEOUS, growth opaque and white, chalky. 

CURLED, composed of parallel chains in wavy strands, as in 
anthrax colonies. 

DIASTASIC ACTION, same as DIASTATIC, conversion of 
starch into water-soluble substances by diastase. 

ECHINULATE, in agar stroke a growth along line of inocu- 
lation, with toothed or pointed margins; in stab cul- 
tures growth beset with pointed outgrowths. 

EFFUSE, growth thin, veily, unusually spreading. 

ENTIRE, smooth, having a margin destitute of teeth or 
notches. 

EROSEH, border trregularly toothed. 

FILAMENTOUS, growth composed of long, irregularly 
placed or interwoven filaments. 

FILIFORM, in stroke or stab cultures a uniform growth 
along line of inoculation. 

FIMBRIATE, border fringed with slender processes, larger 
than filaments. 

FLOCCOSE, growth composed of short curved chains, va- 
riously oriented. 


FLOCCULENT, said of fluids which contain pseudozoogloeae, 
i. e., small adherent masses of bacteria of various 
shapes and floating in the culture fluid. 


FLUORESCENT, having one color by transmitted light and 
another by reflected light. 

GRAMS STAIN, a method of differential bleaching after 
gentian violet, methyl violet, &c. The + mark is to 
be given only when the bacteria are deep blue or re- 
main blue after counterstaining with Bismark brown. 

GRUMOSE, clotted. 

INFUNDIBULIFORM, form of a funnel or inverted cone. 

IRIDESCENT, like mother-of-pearl. The effect of very thin 
films. 

LACERATE, having the margin cut into irregular segments 
as if torn. 

LOBATE, border deeply undulate, producing lobes (see un- 
dulate). 


LONG, many weeks or months. 


LL 


MAXIMUM ‘TEMPERATURE, temperature above which 
growth does not take place. 

MEDIUM, several weeks. 

MEMBRANOUS, growth thin, coherent, like a membrane. 

MINIMUM TEMPERATURE, temperature below which 
growth does not take place. 

MYCELIOID, colonies having the radiately filamentous ap- 
pearance of mold colonies. 

NAPIFORM, liquefaction with the form of a turnip. 

NITROGEN REQUIREMENTS, the necessary nitrogenous 
food. This is determined by adding to nitrogen-free 
media the nitrogen compound to be tested. 

OPALESCENT, resembling the color of an opal. 

OPTIMUM TEMPERATURE, temperature at which growth 
is most rapid. 

PELLICLE, in fluid bacterial growth either forming a con- 
tinuous or an interrupted sheet over the fluid. 

PEPTONIZED, said of curds dissolved by trypsin. 

PERSISTENT, many weeks, or months. 

VPLUMOSE, a fleecy or feathery growth 

PSEUDOZOOGLOEAE, clumps of bacteria, not dissolving 
readily in water, arising from imperfect separation, or 
more or less fusion of the components, but not having 
the degree of compactness and gelatinization seen in 
zoog loeae. 

PULVINATH, in the form of a cushion, decidedly convex. 

PUNCTIFORM, very minute colonies, at the limit of natural 
vision. 

RAISED, growth thick, with abrupt or terraced edges. 

RUIZOID, growth of an irregular branched or root-like 
character, as in B. mycoides. 

RING, Same as RIM, growth at the upper margin of a 
liquid culture, adhering more or less closely to the 
glass. 

REPAND, wrinkled. 

RAPID, developing in 24 to 48 hours. 

SACCATE, liquefaction the shape of an elongated sack, 
tubular, cylindrical. 

SCUM, floating islands of bacteria, an interrupted pellicle or 
bacterial membrane. 

SLOW, requiring 5 or 6 days or more for development. 

SHORT, applied to time, a few days, a week. 

SPORANGIA, cells containing endospores. 

SPREADING, growth extending much beyond the line of 

‘ inoculation, i. ¢., several millimeters or more. 

STRATIFORM, liquefying to the walls of the tube at the top 
and then proceeding downwards horizontally. 

THERMAL DEATH-POINT, the degree of heat required to 
kill the ‘young fluid cultures of an organism exposed for 
10 minutes (in thin-walled test tubes of a diameter not 
exceeding 20 mm.) in the thermal water-bath. The 
water must be kept agitated so that the temperature 
shall be uniform during the exposure. 

TRANSIENT, a few days. 

TURBID, cloudy with flocculent particles; cloudy plus fioc- 
culence. 

UMBONATE, having a button-like, raised center. 

UNDULATRE, border wavy, with shallow sinuses. 

VERRUCOSE, growth wart-like, with wart-like prominences. 

VERMIFORM-CONTOURED, growth like a mass of worms, 
or intestinal coils. 

VILLOUS, growth beset with hair-like extensions. 

VISCID, growth follows the needle when touched and with- 
drawn, sediment on shaking rises as a coherent swirl. 

ZOOGLOEAR, firm gelatinous masses of bacteria, one of the 
most typical examples of which is the Streptococcus 
mesenterioides of sugar vats (Leuconostoc mesenter- 
ioides), the bacterial chains being surrounded by an 
enormously thickened firm covering, inside of which 
there may be one or many groups of the bacteria. 


- NOTES. 


(1) For decimal system of group numbers see Table 1. 
This will be found useful as a quick method of showing close 
srelationships inside the genus, but is not a sufficient charac- 
terization of any organism. 

(2) The morphological characters shall be determined 
and described from growths obtained upon at least one solid 
medium (nutrient agar) and in at least one liquid medium 
(nutrient broth). Growths at 37° C. shall be in general 
not older than 24 to 48 hours, and growths at 20° C. not 


older than 48 to 72 hours. To secure uniformity in cultures, 
in all cases preliminary cultivation shall be practiced as 
described in the revised Report of the Committee on Standard 
Methods of the Laboratory Section of the American Public 
Health Association, 1905. 


(3) The observation of cultural and bio-chemical feat- 
ures shall cover a period of at least 15 days and frequently 
longer, and shall be made according to the revised Standard 
Methods above referred to. All media shall be made accord- 
ing to the same Standard Methods. 


(4) Gelatin, stab cultures shall be held for 6 weeks to 
determine liquefaction. 


(5) Ammonia and indol tests shall be made at end of 
tenth day, nitrite tests at end of fifth day. 
(6) Titrate with N NaOH, using phenolphthalein as 


an indicator: make titrations at same times from blank. 
The difference gives the amount of acid produced. 


The titration should be done after boiling to drive off 
any COz present in the culture. 


(7) Generic nomenclature shall begin with the year 
1872 (Cohn’s first important paper). 


Species nomenclature shall begin with the year 1880 
(Koch's discovery of the poured plate method for the sepa- 
ration of organisms). 


(8) Chromogensis shall be recorded in standard color 
terms. 


TABLE I. 


A NUMERICAL SYSTEM OF RECORDING THE SALIENT 
CHARACTERS OF AN ORGANISM. (GROUP NUMBER.) 


100. Endospores produced 
200. Endospores not produced 
10. Aerobic (Strict) 
20. Facultative anaerobic 
30. Anaerobic (Strict) 
iL; Gelatin liquefied 
2. Gelatin not liquefied 
0.1 Acid and gas from dextrose 
0.2 Acid without gas from dextrose 
0.3 No acid from dextrose 
0.4 No growth with dextrose 
-O1 Acid and gas from lactose 
02 Acid without gas from lactose 
.03 No acid from lactose 
04 No growth with lactose 
001 Acid and gas from saccharose 
-002 Acid without gas from saccharose 
.003 No acid from saccharose 
004 No growth with saccharose 
-0001 Nitrates reduced with evolution of gas 
-0002 Nitrates not reduced 
-0003 Nitrates reduced without gas formation 
-00001 Fluorescent 
.00002 Violet chromogens 
-00003 Blue a 
-00004 qreen se 
.00005 Yellow s 
-00006 Orange *¢ 
.00007 Red se 
.00008 Brown us 
-00009 Pink ss 
-00000 Non-chromogenic 
-000001 Diastasic action on potato starch, strong 
-000002 Diastasic action on potato starch, feeble 
-000003 Diastasic action on potato starch, absent 
-0000001 Acid and gas from glycerine 
.0000002 Acid without gas from glycerine 
0000003 No acid from glycerine 
0000004 No growth with glycerine 


The genus according to the system of Migula is given its 
proper symbol, which precedes the number thus:  (*) 


BacILLus cour (Esch.) Mig. becomes B. 222.111102 


BACILLUS ALCALIGENES Petr. B. 212.383102 
PSEUDOMONAS CAMPESTRIS (Pam.) Sm. “ Ps. 211.8828151 
BACTERIUM SUICIDA Mig. “ Bact. 222.232203 


DETAILED FEATURES. 


NOTE—Underscore required terms. Observe 
notes and glossary of terms on opposite side of 
card. 


I. MORPHOLOGY (?) 


au 1. Vegetative Cells, Medium used. 

TOMUD 6. crates eis ones AEC. ws Oeenata days 

Form, round, short rods, long rods, short 
chains, long chains, filaments, commas, 
short spirals, long spirals, clostridium, 
cuneate, clavate, curved. 

Limits of Size.............. 

Size of Majority............ 

Wnds, rounded, truncate, concave. 


Orientation (grouping) 
Chains (No. of elements) 
Short Chains, long chains. 
Orientation of Chains, parallel, 
irregular. 


Agar 
Hanging-Block 


\ 2: Sporangia, medium used........ temp...... ‘ 
ABO. neeas days 
Form, elliptical, short rods, spindled, clavate, 
drumsticks. 
Limits of Size...... Size of Majority...... 
Orientation (grouping)........ 
Agar Chains (No. of elements)..... 
Hanging-Block Orientation of Chains, parullel, 
irregular. 


Location of Endospores, central, polar. 


3. Endospores. 
Form, round, elliptical, elongated. 
Limits of Size............ 
Size of Majority........... 
Wall, thick, thin. 
Sporangium wall, adherent, not adherent. 


Germination, equatorial, oblique, polar, di- 
polar, by stretching. 
4. Plagella No...... Attachment polar, bipolar, 
a peritrichiate. How Stained.......... 


Capsules, present on.......... 

Zoogloea, Pseudozoogloea. 

Involution Forms, on....in...days at...°C. 

Staining Reactions. ‘ 

1:10 watery fuchsin, gentian violet, carbol 
fuchsin. 


Loelller’s alkaline methylene blue. 
Special Stains. 


ot 


os 


Gras ie eee aches GlycOgenss ici hs wo aieats 
Fat. .... ces eens Acid fastencssdeedx end 
Neisser.: 36545 yee 


Il. 


M5, 


CULTURAL FEATURES (°) 


Agar Stroke. 
Growth, invisible, scanty, moderate, abundant. 
Form of growth, filiform, echinulate, beaded, 
spreading, plumose, arborescent, rhizoid. 
Elevation of growth, flat, effuse, raised, con- 
ver. 

Lustre, glistening, dull, cretaceous. 

Topography, smooth, contoured, rugose, ver- 
rucose, 

Optical Characters, opaque, translucent, opal- 
escent, iridescent. 


Chromogenesis (8). .........0005 
Odor, absent, decided, resembling........ 
Consistency, slimy, butyrous, viscid, mem- 
branous, coriaceous, brittle. 
Medium grayed, browned, reddened, blued, 
. greened. 
\ 2. Potato. 
Growth scanty, moderate, abundant, tran- 
sient, persistent. 
Form of growth, filiform, echinulate, beaded, 


spreading, plumose, arborescent, rhizoid. 
Blevation of growth, flat, effuse, raised, con- 
ver. 
Lustre, glistening, dull, erctaceous. 
Topography, smooth, contoured, rugose, ver- 


rUucose. 
Chromogenesis (8)....... Pigment in water 
insoluble, soluble; other solvents 
Odor, absent, decided, resembling........... 
Consistency, slimy, butyrous, viscid, mem- 
branous, coriaceous, brittle. 
Medium grayed, browned, reddened, bdlued, 


greened, 


3. Loeffler’s Blood Serum. 

Stroke invisible, scanty, moderate, abundant. 

Form of growth, filiform, echinulate, beaded, 
spreading, plumose, arborescent, rhizoid. 

Elevation of growth, flat, effuse, raised, con- 
ver, 

Lustre, glistening, dull, cretaceous. 

Topography, smooth, contoured, rugose, ver- 


rucose. 
Chromogenesis (8)........ 
Medium grayed, browned, reddened, Ddlued, 
greened, 
Liquefaction begins in...d, complete in...d. 
“\ 4. Agar Stab. 
Growth uniform, best at top, best at bottom; 
surface growth scanty, abundant; — re- 


stricted, wide-spread. 


Line of puncture, filiform, beaded papillate, 
villous, plumose, arborescent ; liquefaction. 


5. 


Ne. 


Gelatin Stab. 

Growth uniform, best at top, best at bottom. 

Line of puncture, filiform, beaded, papillate, 
villous, plumose, arborescent. 

Liquefaction, crateriform, napiform, infundi- 


buliform, saccate, stratiform; begins in 
Sere Nice d, complete in.......d. 
Medium fluorescent, browned.......... 
Nutrient Broth. 
\ Surface growth, ring, pellicle, flocculent, 


11. 


Ill. PILTYSICAL 


. Best media for long-continued growth 


membranous, none. 

Clouding slight, moderate, strong; 
persistent; none; fluid turbid. 
Odor, absent, decided, resembling 
Sediment, compact, floccwlent, granular, flaky, 

viscid on agitation, abundant, scant. 


transient, 


. Milk. 


Clearing without coagulation. 

Coagulation prompt, delayed, absent. 

extrusion of whey begins in...... days. 

Coaglum slowly peptonized, rapidly pepton- 
ized. 

Peptonization begins on..... d, completed on 


Litmus Milk. 

Acid, alkaline, acid then alkaline, no change. 

Prompt reduction, no reduction, partial slow 
reduction. 


» Gelatin Colonies. 


Growth slow, rapid. 

Form, punctiform, round, irregular, ameboid, 
mycelioid, filamentous, rhizoid. 

Klevation, flat, effuse, raised, conver, pulvi- 
nate, crateriform (liquefying). 

ldge, entire, undulate, lobate, erose, laccrate, 
fimbriate, filamentous, floccose, curled. 

Liquefaction, cup, saucer, spreading. 


. Agar Colonies. 


Elevation, flat, effuse, raised, conver, pulvi- 
nate, umbonate. 

Edge, entire, undulate, lobate, erose, lacerate, 
fimbriate, floccose, curled. 

Internal structure, amorphous, finely-, 
coarseély—, granular, grumose, filamentous, 
floccose, curled, 

Starch Jelly. 

Growth, scanty, copious. 

Diastasic action, absent, feeble, profound, 

Medium stained............ 


. Silicate Jelly (Fermi’s Solution). 


Growth copious, scanty, absent. 
Medium stained............ 


3’. Cohn’s Solution, 


Growth copious, scanty, absent. 
Medium fluorescent, non-fluorescent. 


. Uschinsky’s Solution. 


Growth copious, scanty, absent. 
Fluid viscid, not viscid. 


. Sodium Chloride in Bouillon. 


Per cent. inhibiting growth 


3. Growth in Bouillon over Chloroform, unre- 


Strained, feeble, absent. 
Nitrogen. Obtained from peptone, asparagin, 
glycocoll, urea, ammonia salts, nitrogen. 


AND BIOCHEMICAL FRAT- 


URES. 


<. 


‘ 
1. Fermentation-Tubes; (2 bil 
pati | 
containing peptone-water igs 2 | las! 
‘ p= 
or Sugar-free bouillon and | =| Sigi3ia) | 
ARR Sce 
| SS aS | 
hand teal Oya) | 
ua —|-|-|-|-J=/F - |-|-|- 
. . | | 
Gas production, in per cent. : 


] 
4 
] 

] 
] 
| 
] 
] 


fcc 


Growth in closed arm ! 


Amount of acid produced 1d. 


wo in 


wo “ 


2. Ammonia production, feeble, moderate, strong, 
absent, masked by acids. 
3. Nitrates in nitrate broth, 

Reduced, not reduced. 

Presence of nitrites...... ammonia......... 
i “ nitrates...... free nitrogen..... 

4. Indol production, feeble, moderate, strong. 
5. Toleration of Acids: Great, medium, slight. 

Acids tested...........4. : 

6. Toleration of Na O H: great, medium, slight. 

7. Optimum reaction for growth in bouillon, 
stated in terms of Fuller’s scale........ 

8. Vitality on culture media: brief, moderate, 
long. 

9. Temperature relations: 

Thermal death-point (10 minutes exposure 
in nutrient broth when this is adapted to 
growth of organism)...... Cc. 

Optimum temperature for growth...... (Oe 
or best growth at 15° C., 20° G., 25° 
nO? C, 22° Gy 40? Cy 50" 6, 607 ¢. 

Maximum temperature for growth......C. 

Minimum temperature for growth...... iC; 

10. Killed readily by drying: resistant to drying. 

11. Per cent. killed by freezing (salt and crushed 
ice or liquid air)............ 

12. Sunlight: Exposure on ice in thinly sown 
agar plates: one-half plate covered (time 

15 minutes), sensitive, not sensitive. 

Per cent. (Kiledi)cc cies dunsesved 

18. Acids produced ................ 
14. Alkalies produced .............. 
15, Alcohols ...... 15 fe ffruasts) cananates exdane 
16. Ferments; pepsin, trypsin, diastase, inver- 
tase, pectase, cytase, tyrosinasc, owidase, 
peroridase, lipase, catalase, glucase, galac- 
tase, lab, ete. 
Li. Crystals-\formed}  -ssccécssiawacaiians So obea aa ete 
18. Iffect of germicides : 
| fe 
Io 
| £ ifs 
Substance Method used. | ;2|¢ eas 
| 8/3/85 
fe lg|/8| Slee 
;B] oy wag 
|p |/a!] 8 |38 
[2/2 |= lee 
|e lal jae 
| | 
- | 
| 
| 
| 
| 
i 
: | 
| 
IV. PATHOGENICITY. 
1. Pathogenic to Animals: 

Insects, crustaceans, fishes, reptiles, birds, 
mice, rats, guinea pigs, rabbits, dogs, cats, 
sheep, goats, cattle, horses, monkeys, 
MON 6 eh. 3. ses ae asae 

2. Pathogenic plants: 

3. Toxins, soluble, endotoxins. 

4. Non-toxin forming. 

5. Immunity bactericidal. . 

6. Immunity non-bactericidal. 

7. Loss of virulence on culture media: prompt, 


gradual, not observed in.......... months. 


BRIEF CHARACTERIZATION. 


Mark + or O, and when two 
terms occur on a line erase the 
one which does not apply unless 


‘SAYNLVEA TVOINUHOOIA 


‘NOLLOGIYLSIA 


both apply. 
# Diameter over 1 4 
2 Chains, filaments 
re Endospores 
| Capemles 
2. Zoogloea. Pseudozoogloea 
Ks | ———_—_—_——_—_— ——}—— 
“| Motile 
Involution forms 
Gram's Stain 
| Cloudy, turbid 
ie] pee ee _ 
z Ring 
ot 
a Pellicle 
Sediment 
Shining 
& Dull Pa 
ts Wrinkled 
a Chromogenic 
S| cere atebaes 
3 és Round _ 
| 2 Proteus-like 
a v re 
Gt Ss Rhizoid 
fe) ee = Senta 
a ® Filamentous 
5 Curled 
eI na Surface-growth 
a. | ge -————_|—_ 
We) ot Needle-growth 
Moderate, absent 
igi ee ee fe 
3 _ Abundant att 
3 Discolored 
Starch destroyed 


Grows at 37° C. 


| Grows, in Cohn’s Sol. 


Grows in Uschinsky’s Sol. aT 


“Indol (°) 


Hydrogen sulphide 


a Gelatin (*) 
2 ___________|___} 
A Bloom-serum 
rb — — a 
2 : 
eae 
5 Agar, mannan 
Acid curd 
Bens 
= Rennet curd 
Fee Lees oe: = 
Casein peptonized 


Ammonia (5) 


Nitrates reduced (5) 


Fluorescent 


Luminous 


Animal pathogen, epizoon 


Soil 


Milk 


Fresh water 


Salt water 


Plant pathogen, epiphyte | 


Sewage 


Iron bacterium 


Sulphur bacterium 


